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One of the more important clinical characteristics of trachoma 
is the tendency of the disease to recur in the same individual. 
While it is obviously difficult to determine whether repeated at- 
tacks of trachoma signify reinfection de movo, or instead an 
exacerbation of the virus remaining quiescent in the tissues dur- 
ing the arrested state, nevertheless the clinical indications are clear 
that immunity to trachoma must be ineffectual and, if present at 
all, certainly of low magnitude. 

In pursuing studies already reported * on the etiology of tra- 
choma the opportunity was presented to make experimental ob- 
servations in both man and animal on the immunological responses 
invoked by the virus causing this disease. The observations re- 
sulting from this study appear to be of sufficiently broadened 
interest in the general field of viruses to merit their com- 
munication and thus place on record certain information hitherto 
unavailable. 


METHODS 


The suspension of virus consisted of tissues scraped from the 
conjunctiva of clinically active patients during the operation for 
grattage. The material from the eyes of each patient was sus- 
pended in 1.5 cc. of veal infusion broth and later used for testing, : 
either alone or pooled with similar material from other patients. ; 
* Conducted under a grant from the Commonwealth Fund of New York. 
Received for publication February 2, 1939. 
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The tissues were ground in a sterile mortar without the use of 
abrasive, and their infectivity was determined by inoculating 
monkeys (Macacus rhesus) in one eye by swabbing the con- 
junctiva of the everted lid, and in the other eye by multiple prick- 
ing of the conjunctiva with a charged needle and then injecting 
subconjunctivally 0.2 cc. or more of the suspension. Each test 
required material fresh from patients since the virus becomes 
inactivated rapidly. 

Neutralization tests were performed in general by mixing equal 
quantities of undiluted or diluted serum and material obtained 
from patients in the manner described. The mixtures were then 
incubated in a water bath at 37° C. for 30 to 60 minutes, as will be 
brought out later, and inoculated in monkeys as indicated above. 

Antiserums were obtained by injecting intravenously the tritu- 
rated suspensions of grattage material. Since immunization was 
dependent on the availability of fresh active tissues rather than 
on some prearranged schedule, it was fortunate that injections 
were actually given every 3 to 5 days over a period of 2 months. 
It was not possible, however, to ascertain the infectivity of the 
tissues used for immunization because the incubation period of 
the disease exceeds the period of survivability of the virus.” It 
was felt, nevertheless, that careful selection of patients, prolonged 
immunization, and the established fact * that half the patients 
taken at random are in the infectious stage, would compensate for 
this omission. The majority of the tissues injected contained 
inclusion bodies, so that if, as seems probable, these structures are 
expressions or phases of the virus itself, they should add cor- 
respondingly to the process of immunization. Animals were bled 
by puncturing the heart 10 days following the final injection, and 
the serums were subsequently used for the tests to be recorded. 


EXPERIMENTAL OBSERVATIONS 


The determination of possibly acquired immunity in monkeys 
following recovery from artificially induced infection has already 
been referred to in a previous communication.* In order that the 
immunological reactions associated with trachoma may be brought 
together in final and complete form, however, it is desirable to 
include in this report additional examples bearing on this ques- 
tion. As soon after recovery as active material was available, 
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monkeys were subjected to inoculation as described above. In 
order to illustrate the reactions observed, the data from 5 typical 
animals are given in Table I. It will be seen that in each case 
infection ensued in somewhat the same manner as observed in the 
previous instance and ran a similar course. The interval between 
infection and reinoculation varied from 2 weeks to 3 months, so 
that no particular emphasis can be placed on the differences in 
time between recovery and subsequent inoculation as a factor in 
the development of the later infection. The evidence for continued 
susceptibility in recovered monkeys can be amplified by numer- 
ous examples in this laboratory. In fact, it is because of the fre- 
quency of this observation that it is now our custom to reserve 


I 
Effect of Recovery from Experimental Trachoma on Later Infection 


po Synopsis, first infection Interval Synopsis, later infection 
after 
Duration recovery Duration 


days days 
14 16 months 3 months 10 6 months (died) 
6 weeks 2% months 7 5 weeks 

10 weeks 24 months 18 12 weeks 

11 weeks 2 weeks 6 7 weeks 

10 weeks 3 weeks 17 9 weeks 


recovered animals for future experiments, since having been in- 
fected successfully in the past they are of proved susceptibility 
to trachoma and thus automatically exclude in the analysis of 
data the possibility of individual resistance as responsible for the 
absence of infection following inoculation of trachomatous tissues. 

Subsequent experiments were undertaken to determine, if pos- 
sible, the occurrence of antibodies in the blood of patients suffer- 
ing with trachoma. Blood was taken from a number of individuals 
who had been afflicted with the disease over periods varying from 
a few months to several years. In some experiments defibrinated 
blood was used and in others only serum. Mixtures of grattage 
material and blood, the ultimate concentration of which varied 
from 1:1 to 1:5, were incubated in a water bath at 37° C. for 30 
minutes and then introduced conjunctivally in monkeys. In no 
instance was it possible to show that the blood of patients neu- 
tralized active virus (i.e., prevented infection when inoculated in 
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this form in susceptible monkeys). The resulting infection in the 
animals was as typical as that observed in monkeys inoculated 
with material alone, or material previously mixed and incubated 
with equivalent amounts of non-trachomatous serums. It is, there- 
fore, fair to state that under the conditions outlined the blood of 
trachomatous patients contains no antibodies capable of neutraliz- 
ing the specific virus. 

Similar experiments were carried out with the serums of mon- 
keys shortly after their recovery from experimental infection. 
The results in these instances confirmed the observations made 
with serums of patients. 

It is, however, a well recognized fact among bacteriologists and 
immunologists interested in ophthalmological infections that in- 
fectious agents adapted to the conjunctiva very rarely stimulate 
formation of antibodies. Functionable antigens, such as those 
contained in pneumococcus, streptococcus, gonococcus, Koch- 
Weeks bacillus, and so on, are antigenically inert as far as anti- 
bodies in the general circulation are concerned unless, as is rarely 
the case, the organisms penetrate through the conjunctival barrier. 
Consequently, lack of measurable protective antibody in trachoma 
may imply as much an incompetency of the tissues involved to 
elaborate antibodies as an impotency on the part of the antigen to 
stimulate them. Thus, then, it became necessary to attempt arti- 
ficial immunization of animals in order to define more accurately 
the essential conditions of the general immune response to the 
virus of trachoma. 

Accordingly, 2 rabbits were immunized as described above, and 
because it may be possible that a virus will stimulate formation 
of antibodies only in animals susceptible to the infection it induces, 
monkeys were also studied. Two monkeys that had recovered 
from severe and prolonged experimental trachoma were used for 
the purpose. Both rabbits and monkeys received 16 injections 
of the human tissues as soon after collection from the patient as 
was possible, each injection consisting of 0.5 cc. or 1 cc. of the 
suspension. The serums subsequently obtained from these animals 
were then studied for the presence of neutralizing or protective 
antibodies. 

Neutralization tests were conducted according to the technique 
described above. The tubes containing the mixtures of tissues 
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and serums were agitated from time to time during incubation and 
in each instance it was noticeable grossly that the serums both 
agglutinated and lysed the human cells. Smears made at the end 
of the incubation revealed a complete disappearance of red cells 
and less complete but still marked lysis of polymorphonuclear 
cells, with lymphocytes somewhat more resistant than the neutro- 
phils. Perhaps as many as half of the epithelial cells from the 
conjunctiva were also lysed, while the others were in more or less 
normal condition. Since corollary experiments conducted in a 
similar manner with normal rabbit and monkey serums revealed 
no agglutinative or lytic effect on the human cells, this observation 
suggests at least that the conditions of the experiment were appro- 
priate for the formation of antibodies in response to the active 
antigens present. 


Taste II 
Protective Capacity of Rabbit and Monkey Antiserums in Experimental Trachoma 


Experiment Antiserum Period of Result of 
number Animal Dilution fixation test 
min. 

NT- Rabbit "cs 30 No protection 
3 Monkey tt 30 No protection 
NT-6 Rabbit 1:5 30 No protection 
Monkey 1:3 30 No protection 
NT-7 Rabbit Est 60 No protection 
Monkey oe 60 No protection 


Seven experiments were done in all, but in only three was the 
original material infectious for monkeys. The results of these 
three experiments are summarized in Table II. It will be seen 
that rabbit and monkey antiserums were used in parallel tests 
with the same human tissues. Serums were diluted 1:1, 1:3, and 
1:5, and incubations were carried out for 30 and 60 minutes. 
Immediately on removal from the water-bath the mixtures were 
inoculated in monkeys, inducing infections typical in every way. 
Later, experiments were done in which guinea pig complement was 
added to the system, but also without influencing the infectivity 
of the virus in any measurable manner. It seems definite, there- 
fore, that prolonged artificial immunization of rabbits or monkeys, 
the latter of verified susceptibility to trachoma, with human 
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tissues containing specific virus fails to stimulate antibodies capa- 
ble of protecting monkeys against experimental trachomatous 
infection. 


DISCUSSION 


The observations recorded in the present communication sug- 
gest that judged by increased resistance to experimental infection 
in monkeys the virus of trachoma is an ineffectual antigen. The 
lack of active immunity observed so commonly in patients has 
thus been duplicated experimentally in animals. In fact, because 
normal monkeys are frequently resistant to trachomatous infec- 
tion, it has been found an accommodation to use over and over 
again recovered animals as of proved susceptibility. Records of 
individual monkeys, consequently, show that in this laboratory 
animals have been infected successively three, four, and even 
five times. 

Since the serums from both patients and monkeys with trachoma 
contained no protective antibodies, experiments were undertaken 
to stimulate a general rather than a localized immunogenic reac- 
tion by injecting intravenously tissues from patients containing 
both active virus and inclusion bodies. While rabbits are resistant 
to infection and perhaps in consequence unsuited for immuniza- 
tion with the virus of trachoma, the monkeys studied, on the other 
hand, were of verified susceptibility, having recovered only re- 
cently from the experimental ocular infection. Yet their serums, 
just as those of the rabbits, were lacking in protective antibodies 
as determined by methods usually adopted for their detection. In 
the face of such evidence, therefore, it is difficult to escape the 
conclusion that the virus of trachoma is at best a poor antigen. 

The data, however, cannot be interpreted to mean that the virus 
of trachoma is not an antigen. It is difficult to conceive of any 
active infectious agent as devoid of antigenicity; it is more prob- 
able that the antigen is of extremely low activity and the methods 
in use at the present time for the demonstration of antibodies are 
too crude to detect their low concentration. In any case, it must 
be admitted that whatever immune response is aroused by the 
virus of trachoma, it is not capable of combatting the active infec- 
tion arising spontaneously in man or induced artificially in 
monkeys. 
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On considering the question of immunity from its obverse as- 
pect, the host, it is obvious that the conjunctival and corneal 
epithelium (the only tissues involved in uncomplicated trachoma) 
participate only to a minor degree, if at all, in the elaboration of 
antibodies. Consequently, unless the infectious agent penetrates 
through the barrier set up by the conjunctiva, the conditions for 
active immunity and formation of antibody are only rarely estab- 
lished. In this particular instance the low virulence of the tra- 
chomatous virus creates a relatively mild reaction, thus precluding 
its invasion into the subconjunctival tissues and beyond; even 
when introduced repeatedly into the general circulation, more- 
over, it exerts antigenically an inadequate stimulation. 


SUMMARY AND CONCLUSION 


1. Clinical observation reveals very little if any immunity to 
trachoma. 

2. It has not been possible to demonstrate increased resistance 
to experimental trachoma in monkeys following recovery from the 
infection. 

3. The serum or defibrinated blood of patients with active 
infections of varying duration exerts no neutralizing or protective 
effect on the virus of trachoma. 

4. The serum of infected or recovered monkeys contains no 
antibodies demonstrable by the usual methods of protection. 

5. The serum of rabbits or susceptible monkeys receiving re- 
peated intravenous injections of active trachomatous tissues con- 
tains similarly no antiviral substances. 

6. It is concluded that the virus of trachoma is an impotent 
and ineffectual antigen. 
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THE REACTION TO KILLED TUBERCLE BACILLI IN NORMAL 
AND IMMUNIZED (SENSITIZED) RABBITS * 


Cuartes T. Otcott, M.D. 


(From the Depariment of Pathology, Cornell University Medical College and the 
New York Hospital, New York, N. Y.) 


The purpose of these experiments was to determine how the 
reaction to intraperitoneally injected killed tubercle bacilli is 
modified by previous skin injections of the same material. When 
living bacilli are injected into an experimental animal two parallel 
processes develop, namely, the growth of the injected organisms 
and the progressively changing response of the host. With the use 
of killed bacilli the first factor is eliminated. This simplification 
of the problem is especially desirable when the attempt is made 
to study the regressive phase of the cellular reaction. Approxi- 
mately half of our rabbits received repeated intracutaneous or 
subcutaneous injections of killed tubercle bacilli before intraperi- 
toneal injections were made, and the resulting sensitization was 
measured by tuberculin tests or by the reaction to killed tubercle 
bacilli or by both. The others received only intraperitoneal injec- 
tions and served as controls. 


EXPERIMENTAL PROCEDURE 


Bovine tubercle bacilli of the virulent Ravenel strain grown on 
glycerin agar by Dr. Jules Freund were carefully removed from 
the surface of the culture and killed by heat at or above 100° C. 
The death of the bacilli was confirmed by injecting 5 mg. in sus- 
pension subcutaneously into guinea pigs. We used unbuffered 
normal saline as the diluent and the pH of the resulting suspen- 
sions was between 6.8 and 7.2 The suspensions were homogene- 
ously opaque on gross examination, but small clumps of bacilli 
were found under the oil immersion lens. 

Tuberculin tests were made by intracutaneous injection of 
0.04 cc. of old tuberculin (human type) diluted to 0.2 cc. with 4 
parts of saline. 

The skin reactions after the intracutaneous injection of killed 
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bacilli or of tuberculin were examined in 48 hours and designated 
as negative when the largest diameter of edema was less than 
5 mm.; 1 plus, when it was from 5 to 9 mm.; 2 plus, from ro to 
19 mm.; 3 plus, from 20 to 29 mm.; 4 plus, from 30 to 39 mm.; 
and 5 plus, from 40 to 49 mm., in accordance with the procedure 
used in this laboratory. 

Of 83 rabbits used in the experiments, 17 were eliminated by 
“snuffles,” pneumonia or diarrhea before intraperitoneal injection 
was performed. Two others died after peritoneal injection, 1 from 
pneumonia and the other from diarrhea. Two animals with exten- 
sive subcutaneous caseation but no peritoneal lesion were not in- 
cluded because it was evident that the inoculating needle had not 
entered the peritoneal cavity. The remaining 62 rabbits form the 
basis of this report. In most of the animals 5 cc. of saline was 
injected into the peritoneal cavity and the syringe containing the 
killed bacilli was then attached to the same needle. One cubic 
centimeter of a suspension containing 1o mg. of killed bacilli was 
injected and the lumen of the needle was rinsed into the perito- 
neum with 2 cc. of saline. In 3 animals (Nos. 9, 10 and 16) the 
suspension alone was injected. During the course of the experi- 
ment all of the animals except No. 31 increased in weight. 


DESIGNATION OF EXTENT OF PERITONEAL LESIONS 
FounpD AT AUTOPSY 


The lesions found at autopsy were rated largely by the number 
and size of the tubercles in the peritoneum and omentum, but in 
rabbits that lived a week or less the redness of the omentum and 
the amount of intraperitoneal fluid were considered. The extent 
of tuberculosis is indicated as follows: 

Tuberculosis was recorded as absent when no tubercles were 
found on gross or microscopic examination. 

The lesion was recorded as doubtful when microscopic sections 
revealed groups of mononuclear cells, although gross examination 
revealed no tubercles or a very few indistinct fibrotic nodules on 
the peritoneum, with no change in the omentum. 

One plus was used to indicate the presence of a few clearly 
defined tubercles with histological characteristics of tuberculosis 
in the peritoneum or the omentum and perhaps elsewhere. 

Two plus was used when there were tubercles in moderate num- 


REACTION TO KILLED TUBERCLE BACILLI 289 


ber, perhaps 1o small or 5 larger ones, on the peritoneum and 
omentum. The omentum in some instances contained a consider- 
able amount of uninvolved tissue. In these animals and in those 
with more extensive lesions it was usual to find a caseous mass at 
the point where the needle perforated the peritoneum. 

Three plus was used when there were many tubercles on the 
parietal and visceral peritoneum and the omentum, the latter 
being usually much thickened and uniformly matted. The num- 
ber of tubercles under the dome of the diaphragm gave a measure 
of the extent of peritoneal involvement. 

Four plus was used when the parietal peritoneum and the peri- 
toneal surfaces of the liver, spleen, intestines and at least the 
greater part of the omentum were studded with tubercles. The 
peritoneal surface of the diaphragm was studded with discrete 
tubercles or was covered by a confluent mass of tuberculous tissue. 


EXPERIMENT I 


Tubercle bacilli were autoclaved for 15 minutes at 15 pounds 
pressure, dried over phosphorus pentoxide and suspended in saline 
so that 2 mg. of dry bacilli (which were estimated to represent 
10 mg. of moist bacilli) were present in each cubic centimeter. 
They were then placed in an Arnold steam sterilizer for 30 min- 
utes at 98° C. All but 2 of the treated animals were given 10 to 12 
intracutaneous injections each of 0.5 mg. of killed bacilli at ap- 
proximately weekly intervals. Rabbit No. 19 received 18 injec- 
tions of the same quantity and rabbit No. 9 received 6 injections 
of 0.2 mg., 5 of 0.5 mg., and 1 of 1 mg. The graphs in Text-Fig. 1 
which give the extent of edema produced by these injections show 
the progress of sensitization. No tuberculin was used. 

Sensitization in all of the animals of this experiment was scant 
and the diameter of the swelling produced by the intracutaneous 
injection of heat killed tubercle bacilli in no instance exceeded 
1o to 19 mm. Nevertheless the extent of peritoneal tuberculosis 
produced by the injection of a large quantity of heat killed 
tubercle bacilli was uniformly greater in sensitized than in un- 
treated animals. In this experiment sensitization was measured 
only with heat killed tubercle bacilli and in the absence of tuber- 
culin tests it is not possible to determine the effect of the intra- 
peritoneal injection or sensitization. 
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Text-Fic. 1. Lesions present in prepared rabbits of Experiment 1 and in rab- 
bits not previously treated with killed tubercle bacilli. The broken lines 
show the extent of the edema produced by the intracutaneous injection of 
killed bacilli. “Nec.” indicates that caseous necrosis was found at the 
site of intracutaneous injection in 7 days or less. The arrow indicates 
the day on which the intraperitoneal injection of 10 mg. of killed tubercle 
bacilli was made. The position of the black column indicates the dura- 
tion of life, while its height is proportional to the extent of lesions at 
autopsy. “K” indicates the day animal was killed. 


EXPERIMENT 2 


In Experiment 2 the suspension of killed bacilli was made by 
weighing living tubercle bacilli, grinding them and adding saline 
so that 10 cc. contained 1 mg. of bacilli. It was sterilized in a 
loosely stoppered bottle in an Arnold steam sterilizer for an hour 
at 100° C. It was homogeneous on gross examination. Of 12 in- 
tracutaneous injections of killed bacilli the first was 0.4 mg., and 
each of the 11 subsequent injections was 0.2 mg., given at inter- 
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vals of 5 or 6 days. The reactions to the intracutaneous injections 
of killed bacilli and to tuberculin are shown in Text-Fig. 2. Eight 
pairs of white rabbits were used for this experiment, all animals 
being over 2 kilos in weight. 

In this experiment tuberculin tests were made at intervals of 
approximately 2 weeks. The increase of sensitization following 
intraperitoneal injection is evident in almost all experiments and 
in general is more prompt and reaches a higher level in sensitized 
than in control animals. 

In this experiment the extent of lesions following peritoneal 
injection is not conspicuously different in prepared and in the 
control animals. 


Prepared animais Control animals 
Rabbit 
No. 
30 
‘ 
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“| 38 + 
+4 
0 0 ~/ 
39 40 
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‘Day 0 10 20 3% 40 50 60 0 1¢ 20 30 40 50 60 


Text-Fic. 2. Lesions of prepared and control rabbits of Experiment 2. The 
broken lines represent extent of reactions to intracutaneous injections of 
killed bacilli, the solid lines that of reactions to old tuberculin. The arrow 
indicates the day on which intraperitoneal injection of killed bacilli was 
made. The black columns indicate the length of life and the extent of 
lesions at autopsy. 
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EXPERIMENT 3 
The heat killed tubercle bacilli were prepared as in Experi- 
ment 2. The sensitizing injections were given in two different 
ways. Two Havana rabbits (Nos. 47 and 51) were given 2 simul- 
taneous intracutaneous injections of 0.2 mg. of killed bacilli fol- 


Prepared animals Control animals 


‘ 
0 10 2 3% 40 50 60 10 6 9 100 110 0 0 20 30 40 50 60 70 80 9 100 110 


Days 
Text-Fic. 3. Lesions of prepared and control rabbits of Experiment 3. The 
graphs are drawn as in Text-Fig. 2. The black columns indicate the ex- 
tent of lesions at autopsy (K), and the extent of lesions observed at 
laparotomy (L) in 6 animals. 


lowed after 5 days by another double injection and 6 single 
injections of the same quantity at intervals of 5 or 6 days. The 
other 10 prepared rabbits, which were of gray stock, were given 
subcutaneously ro injections each of 0.4 mg. of killed bacilli at 
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the same intervals. In this experiment a suspension of 10 mg. of 
killed tubercle bacilli was injected through a blunt pointed needle 
inserted through the abdominal wall in the left lower quadrant. 
Three treated rabbits (Nos. 55, 59 and 63) and their controls 
(Nos. 56, 60 and 64) were subjected to exploratory laparotomy 
21 days after the intraperitoneal injection of killed tubercle bacilli 
(see Text-Fig. 3). In 1 pair the peritoneal lesion of the sensitized 
animal (No. 55) was more extensive than that of the control (No. 
56), but in both of these animals lesions were more extensive 21 
days later when autopsies were performed. In the other 2 pairs 
sensitized and control animals had equally extensive lesions at the 
time of operation, but with a longer period between operation and 
death lesions were less extensive at autopsy than at operation. 
In this experiment (Text-Fig. 3) there was, just before intra- 
peritoneal injection, some but not a conspicuous difference in sensi- 
tization between the animals prepared by injections of heat killed 
tubercle bacilli and the controls, but following this injection 
sensitization in general increased more rapidly and reached a 
higher level in prepared than in control animals. In this experi- 
ment peritoneal lesions were much more extensive in prepared 
than in control animals. 


LEsIons PRODUCED BY INTRAPERITONEAL INJECTIONS 
oF Heat KILLED TUBERCLE BACILLI 


Lesions of the Omentum: Dead tubercle bacilli injected into the 
peritoneal cavity produce more thickening of the omentum in 
animals that have been given preliminary skin inoculations than 
in their controls. The omentums of 8 prepared animals (Nos. 3, 
5, 7, 13, 17, 33, 47 and 65) were thick, while the omentums of 
their controls were thin. In only 1 pair was the omentum of the 
control (No. 32) thick when the omentum of the corresponding 
prepared animal (No. 31) was not thickened. Prepared animal 
No. 19 with a thin omentum had 2 controls —1 with thickened 
omentum (No. 20) and 1 with a thin omentum (No. 22). In the 
remaining animals the omentums of prepared animals were ap- 
proximately the same as those of the controls. 

Tubercles were present in large numbers in 13 (45 per cent) 
of the immunized and in only 2 (7 per cent) of the control ani- 
mals. Tubercles were present in moderate numbers in 5 (17 per 
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cent) of the immunized animals and in 7 (23 per cent) of the con- 
trols. Tubercles were present in small numbers in 3 (10 per cent) 
of the immunized animals and in 10 (33 per cent) controls. No 
tubercles were present in the omentums of 8 immunized and 11 
control rabbits. 

The omentum of each of the 29 prepared animals and of the 30 
controls was examined microscopically. After 3 weeks the control 
animals are sensitized by the peritoneal injection and hence the 
animals have been divided into two groups: those that lived 21 
days or less and those that lived longer. In the 15 pairs of animals 
living from 3 to 21 days there were conspicuous differences be- 
tween the previously treated and the control animals, whereas 
among the animals surviving from 23 to 112 days controls and 
treated animals differed little. 

Of the rabbits living 3 weeks or less the omentums of 3 prepared 
animals (Nos. 11, 27 and 31) and of 6 controls (Nos. 6, 8, 12, 28, 
34 and 48) showed insignificant cellular reactions. The omen- 
tums of 2 of the prepared animals (Nos. 1 and 29) contained 
loose groups of small undifferentiated monocytes. A scant cellular 
reaction with accumulation largely of polymorphonuclears, in part 
necrotic, surrounded by monocytes and in some instances by 
fibroblasts, occurred in 4 control animals (Nos. 2, 4, 30 and 44). 
Fully formed tubercles were found in the omentums of 6 prepared 
animals (Nos. 3, 5, 7, 9, 43 and 45) and in 3 controls (Nos. 10, 
32 and 46). By fully formed tubercles is meant compact masses 
of cells that have assumed the characteristics of epithelioid cells 
with cell body and nucleus both larger than those of the earlier 
monocytes. These lesions have the microscopic characteristics of 
tubercles as found in experimental animals and in man. Necrotic 
foci are usually present, the necrotic material in some cases con- 
taining abundant nuclear fragments, in others containing no 
remains of nuclei. Acid-fast bacilli are frequently found. It is sig- 
nificant that either loose groups of undifferentiated monocytes or 
well formed tubercles were present in the omentums of 12 of the 
15 prepared rabbits living from 3 to 21 days, but were present in 
only 5 of the 15 controls living for the same period. 

There were 14 prepared animals and 15 controls living from 23 
to 112 days and among these animals there was scant difference 
between prepared and control animals. The omentums of 4 pre- 
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pared animals (Nos. 37, 41, 61 and 63) and 4 controls (Nos. 22, 
38, 42 and 64) showed an insignificant cellular reaction. The 
omentum of 1 prepared animal (No. 51) and its control (No. 52) 
contained fully formed tubercles with necrotic foci. In the omen- 
tums of 9 prepared rabbits and ro controls tubercles were re- 
garded as regressive because there was formation of fibrous tissue 
within them; epithelioid cells had increased in size and central 
clear areas had appeared in the cytoplasm near the nuclei. Be- 
tween these large cells with irregular outline were fine fibrils. In 
the omentums of the animals that lived longest epithelioid cells 
had decreased in number and giant cells were numerous. A pro- 
gressive increase in fibrous tissue occurred, sometimes with in- 
creased vascularity. Necrosis and acid-fast bacilli were present 
in the omentums of 9 of the 14 prepared animals of this group. 
Necrosis and acid-fast bacilli were present in the omentums of 6 
of the 15 control animals of this group. 

The cellular reaction is greater and the formation of character- 
istic lesions in the omentum occurs earlier in immunized than in 
control rabbits. Even more conspicuous is the larger size of the 
lesions in the immunized and sensitized rabbits. An increased 
cellular reaction in sensitized animals inoculated with living 
tubercle bacilli has been repeatedly observed. Nichols * injected 
tubercle bacilli intravenously and found that tubercles developed 
earlier in the lungs of rabbits that had been previously immunized 
with avirulent bacilli than in the unprepared controls. Gardner * 
injected guinea pigs intraperitoneally with living tubercle bacilli 
and found that tubercle formation in immunized animals after 4 
to 6 days was in the same stage as in controls after 10 days. 

Lesions of Parietal and Visceral Peritoneum: Necrosis evident 
on gross examination was present at the point of peritoneal injec- 
tion in 62 per cent of the immunized animals and in 43 per cent 
of the controls. This necrosis was found especially with the more 
advanced lesions. 

A large number of tubercles was present on the peritoneum of 
12 (41 per cent) of the immunized animals but in only 1 (3 per 
cent) of the controls. Tubercles were present in moderate num- 
bers in 5 (17 per cent) of the immunized animals and in 10 (33 
per cent) of the controls. Tubercles in small numbers were found 
in 7 (24 per cent) of the immunized animals and in 17 (57 per 
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cent) of the controls. In 5 immunized and 2 control animals of the 
first 2 experiments, no peritoneal tubercles were present. 

Prudden and Hodenpyl in 1891 * injected into the peritoneal 
cavities of rabbits 2 to 3 cc. of a milky suspension of tubercle 
bacilli killed by the heat of the autoclave and found creamy masses 
surrounded by epithelial cells and fibrous tissue, but stated that 
caseation did not occur. Branch and Cuff* reported death of 
guinea pigs following repeated injections of large quantities of 
killed bacilli into the peritoneum. 

Killed tubercle bacilli have been intravenously injected into 
rabbits by many observers. Prudden and Hodenpyl*® found 
tubercle-like masses in the lungs, liver and spleen but none in the 
kidneys. Masur ® reported the formation of giant cells without 
caseation in the lungs of rabbits. Kelber,® supported by Baum- 
garten, maintained that killed bacilli caused a reaction like that 
produced by a foreign body and no true tubercle formation. 
Krompecher ‘ injected from 1 to 8 cc. of a suspension of killed 
bacilli and found caseation when the bacilli used were of a viru- 
lent strain. Coulaud* found tubercles in the lungs of animals 
injected with suspensions of killed bacilli which were not homo- 
geneous, but found none if the suspensions were homogeneous. 

Lesions Outside of Peritoneum: Masses of epithelioid cells oc- 
cupying wide areas of the tissue were found in about half of the 
retrosternal nodes that were sectioned and were found both in 
prepared and in control animals of Experiment 1. Acid-fast ba- 
cilli were found only once and doubtless reached these nodes by 
way of lymphatics. 

Groups of epithelioid cells were found in the spleen and liver 
in more than half of the animals of this experiment, about equally 
in prepared and in control animals. Groups of similar cells were 
occasionally found in the lungs but they were not found in the 
kidneys. These nodules, composed of cells resembling those of 
tubercles, are evidently caused by dead tubercle bacilli dissemi- 
nated by the blood stream. 

Relation of Sensitization to the Extent of Lesions: It is evident 
that the procedure used in Experiment 1 gives no adequate insight 
into the progress of sensitization in animals that have received 
repeated cutaneous injections of heat killed tubercle bacilli pre- 
ceding the massive intraperitoneal injection, and has given no 
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information about sensitization following this injection. In Ex- 
periments 2 and 3 sensitization was measured by tuberculin tests 
repeated at intervals throughout the course of the experiment. It 
is noteworthy that intraperitoneal injection of heat killed tubercle 
bacilli is almost invariably followed after a week or more by much 
increased sensitization, and sensitization reaches a higher level in 
previously treated animals than that found in control animals 
that have had no preparation preceding the intraperitoneal injec- 
tion. Nevertheless it is evident that the control animals as well 
as the animals prepared by intracutaneous or subcutaneous inocu- 
lation are ultimately almost equally sensitized, for after the 3rd 
week following intraperitoneal injection the difference between 
the two is insignificant. 

In comparing the lesions found in sensitized and in unsensitized 
animals it should be noted that the two differ conspicuously only 
during the period shortly after intraperitoneal inoculation. Hence 
a sharp difference between the two cannot be expected. 


CoNCLUSIONS 
When heat killed tubercle bacilli are injected into the peri- 


toneal cavity of rabbits, formation of tubercles and of tuberculous 
tissue occurs more quickly and becomes more advanced in animals 
that have received preliminary intracutaneous or subcutaneous 
injections of killed tubercle bacilli than in their unprepared con- 
trols. The difference is greatest 3 or 4 weeks after intraperitoneal 
injection when the lesions in prepared and in control animals are 
at their height. After 5 weeks no difference in the two groups is 
evident and later the lesions in both regress. 

The extent of tuberculous lesions is greater in the prepared 
animals which are both immunized and sensitized than in their 
controls, but there is no close correlation between sensitization 
measured by the tuberculin reaction and the extent of tuberculous 
lesions. 

Heat killed tubercle bacilli cause necrosis with the characteris- 
tics of caseation both in control (unprepared) animals and in 
those that have received preparatory injections, but it is more 
frequently found in the latter. Caseation is in general more ad- 
vanced in sensitized animals but there is no exact correlation be- 
tween sensitization and caseation. 
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When killed tubercle bacilli are injected into the peritoneal 
cavity, tubercle-like nodules composed of epithelioid cells are often 
found in the retrosternal lymph nodes, spleen, liver and lungs of 
both immunized and control animals. 
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SKIN TUMORS FOLLOWING A SINGLE APPLICATION OF 
METHYLCHOLANTHRENE IN C57 BROWN MICE * 


G. Burroucus Miner, M.D.,+ anp Jonn J. Morton, M.D. 


(From the Department of Surgery, The University of Rochester School of Medicine 
and Dentistry, Rochester, New York) 


Connective tissue tumors have been produced with extremely 
small amounts of carcinogenic hydrocarbons.’ A few tumors have 
followed the application of a single drop of hot tar to mouse skin.? 
It is generally believed that protracted painting with carcinogenic 
agents is necessary for the development of skin neoplasms. Fieser 
states that “in order to produce skin tumors in mice with even a 
highly potent carcinogen in benzene solution some 30 deliberate 
applications must be made.” * This statement may be true for 
many strains of mice. Kreyberg * and Bonser ® have established 
strains by selective breeding whose skin is especially sensitive to 
the action of carcinogenic substances. 

In investigating the influence of methylcholanthrene on the 
development of internal tumors in mice the chemical was applied 
successively at 9 different sites.° Papillomas were found at the 
site of the first painting within 4 to 5 weeks among mice of the C57 
brown strain. Investigation of this phenomenon seemed warranted. 

Cs57 brown mice were obtained from the Roscoe B. Jackson 
Memorial Laboratory where the strain originated in 1925. They 
have a relatively high incidence of spontaneous internal tumors 
and less than 5 per cent of mammary carcinoma. The mice were 
painted when 4 to 5 weeks old with methylcholanthrene 0.5 per 
cent in benzene. It was applied to the back, from the occiput to 
the lumbar region, with 2 strokes of a No. 8 camel’s hair brush. 
The animals were not allowed to breed. Sex distribution was equal. 
They were kept in glass cages and were fed Purina dog chow, water 
being available at all times. 

Forty-four mice were painted with methylcholanthrene. Epi- 
lation occurred within 10 days. Ulceration was rarely found. Six- 

* This investigation was aided by a grant from The International Cancer Re- 
search Foundation. 


+ Research Fellow of The National Cancer Institute. 
Received for publication February 27, 1939. 
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teen of the animals developed a total of 22 papillomas in the 
painted area (Text-Fig. 1). The first tumor appeared in each 
mouse between the 31st and 48th days after painting. These 
lesions had all the gross characteristics of benign skin tumors 
produced by multiple paintings with carcinogenic hydrocarbons 
(Fig. 1). They varied from 2 to 8 mm. in diameter, grew rapidly 
at first and then passed into a stationary period during which their 
appearance was not altered. Marked variation in the duration of 


Text-Fic. 1. Distribution of skin tumors in the area painted once with 
methylcholanthrene 0.5 per cent in benzene. Stippling indicates the 
painted area; circles represent papillomas; dots indicate carcinomas. 


the tumors was noted (Table I). Fifteen of the papillomas re- 
gressed completely. The sites of the tumors showed no gross 
evidence of scarring after the lesions had disappeared. Hair 
eventually grew in the epilated areas. It was frequently white 
instead of brown. 

Of the 7 papillomas that remained, 3 became malignant and 4 
persisted beyond the 225th day after painting. The latter did 
not change in appearance for more than 100 days, and showed 
no evidence of progressive growth. The 3 carcinomas occurred 
in 1 male and 2 female mice on the 228th, 114th, and 124th days 
respectively (Fig. 2). Diagnosis was confirmed histologically, 
invasion of muscle being used as the criterion of malignancy 
(Fig. 3). No metastases were noted but the mice were sacrificed 
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as soon as clinical evidence of carcinoma was present. In contrast 
with mice painted twice weekly with methylcholanthrene o.5 per 
cent in benzene, these animals remained in good health through- 
out the experiment. 

This reaction of C57 brown mice is probably another instance. 
of genetically determined increase in tissue susceptibility to an ad- 


Taste I 


Skin Tumors Following a Single Application of Methylcholanthrene in 
C57 Brown Mice 


Number of 
mouse 


Carcinoma at 228 days 
72 | 22 
Carcinoma at 114 days 
Carcinoma at 121 days 
Persists at 225 days 
Persists at 225 days 
Persists at 225 days 
Persists at 225 days 


verse environmental stimulating factor. It differs from those pro- 
duced by Kreyberg and Bonser only in the degree of susceptibility. 
This is in accord with the concept that carcinoma is not handed 
down in heredity as such. Cellular susceptibility or resistance to 
environmental factors is probably the mechanism concerned. 
A second explanation of the phenomenon would entail a change in 
the growth and differentiation of skin epithelium by long continued 
contact with methylcholanthrene. This seems less probable. The 
fluorescence associated with the chemical cannot be detected in 
the skin by ultraviolet light 1 week after its application. This is a 


4 
Duration 
isappeared 
days days days | Be, 
I 34 102 68 
2 46 81 35 | 
3 38 94 56 ae 
4 48 76 28 ae 
5 48 76 28 ee 
ng 
6 41 107 66 
60 105 45 
7 46 56 10 
8 39 145 106 | 
9 34 76 42 4 
10 39 165 126 ; 
42 137 95 
II 32 105 73 ae 
54 108 54 eae 3 
33 26 
5° 
13 35 
14 31 
15 42 
16 35 Sa 
54 
60 
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crude test and better analytical methods may yield a different 
result. Furthermore, it is entirely conceivable that a metabolite 
of methylcholanthrene may initiate neoplasia. Additional experi- 
mentation is necessary for the solution of this problem. 

The production of skin tumors by a single painting with methyl- 
cholanthrene in C57 brown mice appears to afford further oppor- 
tunity for the investigation of the fundamental physiological 
changes involved in carcinogenesis. Attempts to affect the biology 
of the benign tumors may be worth while. 
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DESCRIPTION OF PLATES 


PLATE 53 


Fic. 1. Papillomas in a C57 brown mouse painted once with methylcholan- 
threne 0.5 per cent in benzene. These tumors have been present for 
more than 225 days. 


Fic. 2. Carcinoma in a C57 brown mouse painted once with methylcholan- 
threne 0.5 per cent in benzene. A malignant tumor appeared 228 days 
after painting. 
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PLATE 54 


Fic. 3. Microphotograph of carcinomatous growth shown in gross in Fig. 2. 
The tumor cells have invaded the muscle. X 600. 


Fic. 4. Microphotograph of a papilloma of the skin arising in a C57 brown 
mouse after a single application of methylcholanthrene 0.5 per cent in 


benzene. X Io. 
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STUDIES ON THE PATHOGENICITY AND CYTOLOGICAL 
REACTIONS OF THE SUBMAXILLARY GLAND 
VIRUS OF THE GUINEA PIG* 


Cartos T. RosensuscH, D.V.M., Pa.D., anp Atrrep M. Lucas, Pu.D. 


(From the Departments of Veterinary Bacteriology and Zoology, Iowa State College, 
Ames, Iowa, and the Marine Biological Laboratory, Woods Hole, Mass.*) 


The submaxillary gland virus of guinea pigs, according to ac- 
counts in the literature, is mild in its effects when inoculated into 
any part of the body with the exception of the brain.** In this last 
location it produces fatal results. The virus we planned to use in 
a series of experiments failed to act in this manner and fatal re- 
sults followed injections made subcutaneously, intraperitoneally, 
into various visceral organs, the submaxillary gland, and also into 
the brain. It might be assumed from this that we had found a 
highly virulent strain of the virus. However, the animals that 
were available for inoculation came from a colony maintained by 
the Genetics Department of Iowa State College and were proved 
to be completely free of the disease. In view of these circumstances 
several problems arose. First, was the difference in behavior of 
the virus due to a greater virulence than that found by other 
investigators, or to a greater susceptibility of the guinea pig stock 
employed. Also, were the histological and cytopathological effects 
of this virus, which was fatal, different from the reactions de- 
scribed for other submaxillary gland viruses of guinea pigs which 
were milder in their action. A study of these problems forms the 
first part of this paper. The latter part deals with stages in the 
development of inclusion bodies and the time required for each 
phase. The cytological study was supplemented by use of the 
ultracentrifuge and the results are compared with those of previ- 
ous experiments with centrifugation.” ® 


MATERIALS AND METHODS 


Guinea pigs carrying the submaxillary gland virus were ob- 
tained from a dealer in southern Illinois. Uninfected animals 


* Received for publication March 9, 1939. 
+ We are grateful to the Graduate School of Iowa State College for subscribing 
to a room at the Marine Biological Laboratory where part of this work was done. 
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were obtained from the Genetics Department of Iowa State Col- 
lege. Virus for injection was prepared by grinding extirpated sub- 
maxillary glands in a sterile mortar which contained a small 
quantity of sterile sand and Locke’s solution. Light centrifugation 
brought down the heavier particles. The supernatant fluid was 
injected without filtration; its sterility was tested by inoculation 
on serum agar and on a broth medium. 

Tissues removed from animals were fixed in Zenker’s fluid plus 
acetic acid or in a fixative that permitted subsequent testing for 
thymonucleic acid according to the procedure given by Cowdry.® 
The stains used were Ehrlich’s hematoxylin-eosin and Giemsa’s 
method. 

The ultracentrifuge was of the type originated by Henriot and 
Huguenard and developed by Beams and Pickels.*°** It was 
made of duralumin and was operated by air from a tank in which 
the pressure varied from 95 to 120 pounds per square inch.* 
Revolutions per second of the rotor were determined by matching 
pitch from a Galton’s whistle to the loudest audible note from the 
centrifuge. It had been observed by Beams *° that the loudest 
tone from the rotor corresponds in frequency to the rate of rota- 
tion. The results indicated speeds of about 2900 to 3900 revolu- 
tions per second from which it was calculated that the centrifugal 
forces were 300,000 to 550,000 times gravity. 

Fresh tissues were placed in the rotor and centrifuged at these 
speeds for from 30 to 60 minutes, and were then removed and 
fixed immediately. Uncentrifuged control tissues were prepared 
as previously described * to determine the extent of autolysis due 
to the time factor involved in centrifugation and to compression 
effects caused by centrifugation. 


I. EXPERIMENTS AND OBSERVATIONS 
Results from Virus Passages 
Susceptibility of Different Groups of Guinea Pigs: An experi- 
ment was designed to ascertain if guinea pigs from a stock of ani- 
mals that carried the virus (Group I, Table I) were less suscep- 
tible than those from a stock in which no virus infection had been 
present (Groups II and III, Table I). 


* We are indebted to Prof. L. T. Brown who kindly permitted us to carry on the 
centrifugation experiments in the steam and gas laboratories. 
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The virus inoculum consisted of 1 part of triturated submaxil- 
lary gland and ro parts of Locke’s solution. In preparation for 
the injection the animals were etherized and an incision was made 
on the ventral side of the neck to expose the submaxillary glands. 
A portion of the left gland was removed and fixed. Into the re- 
mainder of this gland 0.05 cc. of virus was injected, and into the 
whole gland on the opposite side 0.1 cc. A total of 0.15 cc. of virus 
solution was thus injected. All the gland tissues removed before 
injection proved to be free from intranuclear inclusions. This test 
proved serviceable as an indication that the guinea pigs did not 
carry the submaxillary gland virus. 

All of the animals died after injection of the virus. They lived 
for from 8 to 26 days. The average duration of life for young 
guinea pigs from stock that carried the virus was 19.5 days, for 
similar young guinea pigs from unexposed stock 11 days, and for 
adult animals from the same stock 9.3 days. Autopsies made at 
the time of death revealed a milder tissue reaction in the animals 
of Group I than in those of Groups II or III. In the animals of 
Group I there was found an infiltration of the gland and distention 
of blood vessels. The number of inclusion bodies in the duct cells 
was relatively small. In the animals of Groups II and III the 
glands were hemorrhagic and contained large areas that were 
completely autolyzed. In regions of severe autolysis the duct cells 
survived but all of the acinar cells disappeared. Inclusions were 
numerous in monocytes and in duct cells. 

The results indicate that the virus used was sufficiently virulent 
to kill all animals injected, even those that by association in a 
colony carrying the disease might be expected, from the experi- 
ence of other investigators, to withstand the action of the virus. 
On this basis of comparison it appears that the virus employed 
was more virulent than that used by other workers. The results 
also demonstrate that guinea pigs from unexposed stock are more 
easily affected by the action of the virus than those living in con- 
tact with the virus. The differences in susceptibility of the ani- 
mals in Groups II and III, namely between young and adult 
guinea pigs of the Genetics stock, are slight, but supported by the 
additional evidence given in Table III, they may be significant. 
If so, this indicates that adult animals are more susceptible to the 
disease than young guinea pigs. 


| | 
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Correlation of the Number of Inclusions and the Quantity of 
Virus: There exists another possible explanation why the virus 
used in this experiment should appear more virulent than that 
described previously in the literature. Possibly the animals used 
as a source of the virus harbored more than the usual amount. 
Since there exists no direct method for measuring the quantity, the 
number of inclusion bodies observed was used as a criterion of 
virus concentration. Numerous investigators have suggested that 
the inclusion bodies which develop in the duct cells of the sub- 
maxillary gland are a fair indication of the presence of the virus, 
but no effort has as yet been made to correlate the quantity of 
virus with the number of inclusions. 

In Table II, which summarizes the results of the experiment, 
all guinea pigs that served as a source of virus were shipped from 
the same dealer but not at the same time. The results obtained 
indicate how different sources of virus may vary in actual virus 
concentration. The apparent absence of virus from guinea pigs 
Nos. 34 to 37, based on the absence of inclusion bodies in 9 sec- 
tions from a gland of each animal, indicates that failure to find 
the bodies in a sampled portion of the gland is not complete proof 
that the virus is lacking. On the other hand, the presence of 
inclusions is reliable evidence that the virus is present. It is prob- 
able that a closer correlation would have been attained between 
virus concentration and number of inclusion bodies if the number 
of sections examined had been larger and had been taken from 
several regions throughout the gland. 

Scott * is the only investigator who has given data that permit 
a comparison of results. He injected virus from glands that con- 
tained approximately 50 inclusion bodies per section, and although 
he augmented the pathogenic action of the virus by inoculation of 
pilocarpine, his animals survived for the duration of the experi- 
ment (15 days), whereas those in Groups I and II in Table II, 
which averaged 39 inclusion-bearing cells per section, died on an 
average of 7 and 10.4 days respectively. None of the animals 
survived 15 days. 

The reaction of animals in Group IV confirms the conclusion 
that the virus was more virulent than that employed by Scott; the 
results obtained with our virus duplicate results obtained by Scott 
when the concentration of the virus was so low that no inclusion 
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bodies were observed in the sample sections. Evidence that the 
virus was present in the animals used as the source of virus in 
Group IV is proved by the reaction of the 4 guinea pigs which 
were inoculated intracerebrally. 

Dilution Experiments: Since in the previous experiments gland 
suspensions of high concentrations were employed, it seemed worth 
while to investigate the action of a diluted virus. 


Taste III 
Relation of Virus Dilution to Pathogenesis 


Presence of inclusions 


Number of | Survival after injection 
inoculation guinea a Adult Brai 
pig solution Young guinea Ga Submaxil- 
pigs cytes) 
days days 
120 1:20 6 ob 
124 1:40 9 
Cerebral cor- 129 1:80 7 +4 
tex. Dose 127 1:80 Survived 
0.05 cc. 130 1:160 16 
134 1:320 7 ++ 
133 1:320 29* + 
132 1:320 Survived = 
Subcutaneous, 122 1:20 10 seep 
in region of 123 1:20 9 aia 
submaxillary 121 1:20 24T a 
gland. Dose, 125 1:40 10 t4H4 
cc. (divided 126 1:40 12 
between right 128 1:80 19 ne 
and left sides). 131 1:160 31* 


* May have died from some cause other than direct action of the virus. Autopsy showed an 


enteritis. 
t Sacrificed on the 24th day; apparently normal at this time. 


The data are not adequate enough to determine a sharp end- 
point in the lethal effects of the virus but indicate that for both 
intracranial and gland injections of young guinea pigs the end- 
point is between 1:80 and 1:160. Submaxillary glands pooled 
from 6 guinea pigs previously injected once or twice in the course 
of earlier experiments and which had not died as a result of the 
injections were used as the source of virus. To these were added 
the glands from an adult guinea pig purchased from the dealer who 
supplied the guinea pigs harboring the original strain of virus. 
Emulsions of gland were diluted from 1:20 to 1:320 (Table III). 
All guinea pigs injected came from the Genetics stock; most of 
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them were 3 to 5 weeks old and 3 adult animals were also available. 
Of the 15 guinea pigs, 8 were injected intracerebrally and 7 sub- 
cutaneously in the region of the submaxillary glands. In this 
experiment pieces of gland tissue were not removed prior to the 
injection, but the subsequent results leave little doubt that the 
animals were not carrying the virus. 

A recent investigation by Markham ® on the pathogenicity of 
various dilutions of the virus makes possible a comparison between 
two sources of virus. He used intracerebral injections in young 
guinea pigs, and at dilutions of 1:10 the time of death for 4 ani- 
mals averaged 7.2 days, and no deaths occurred at a dilution of 
I: 100 Or I: 1000. 

The data given in Table II! lend support to the results reported 
in Table I, namely that adult guinea pigs may be more susceptible 
than young guinea pigs as a dilution as high as 1:320 proved fatal 
in 1 adult animal following intracerebral injection, but in young 
guinea pigs and at dilutions of from 1:80 to 1:320 death occurred 
in only 2 of the 4 animals tested.* 

Visceral Susceptibility: Thus far the discussion of lethal effects 
of the virus has concerned inoculations into the brain and sub- 
maxillary regions. In the following experiment injections were 
made into the testicle, kidney, ovary, spleen, liver and abdominal 
cavity (Table IV). Other animals inoculated intracranially served 
as controls against which the lethal effects of the virus could be 
measured. 

Glands from 7 guinea pigs furnished the material for injection; 
1 animal came from a dealer and the remaining 6 were of the 
Genetics stock, which were part of the 14 animals included in 
Group IV, Table II. All animals had recovered from visible 
effects of the injections made 41 days earlier. For 8 days preced- 
ing the time when the animals were to be sacrificed they received 
subcutaneously 11 injections of pilocarpine hydrochloride; the 
dosage was gradually increased during the period from 0.4 to 
0.7 mg. 

As shown in Table IV, the virus was fatal for every animal 
regardless of the region in which the injection was made. The 


* Since these experiments were completed another series of inoculations has been 
made using animals of various weights and ages and, as before, the full grown 
animals proved to be more susceptible to the action of the virus than the young 
animals. 
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time of death varied from 6 to 11 days. The average duration of 
life (8.2 days) was somewhat longer than that of 6 days which 
followed intracranial injection. These results, when compared 
with those of Groups I and II, Table II, seem to indicate that the 
visceral organs possess about the same degree of susceptibility 
to virus action as tested by death dealing effects as that found 
for the salivary gland. 


Tasre IV 
Virulence of Virus when Injected in Visceral Organs of Guinea Pig 


juantity of Duration of 
Animal = dilution Organ or life after 
number virus injected region injected injection 
days 
135 0.5 cc. in each Testicle 7 

0.2 cc. Kidney } 
137 0.1 cc. Ovary 
0.2 Cc. Kidney 


O27 C8. Ovary 
0.05 cc. Suprarenal 


No record 
1.0 cc, 
1.0 cc. 
1.0 cc. 
1.0 cc. 
1.0 ce. 


Spleen 

Liver 

Liver 
Intraperitoneal 
Intraperitoneal 
Intraperitoneal 


Brain cortex 
Brain cortex 
Brain cortex 


From the limited data available there is no evidence that one 
portal of entry among the abdominal organs offers greater re- 
sistance to the spread and action of the virus than any other. 

As a secondary problem in connection with this experiment, the 
effect of pilocarpine proved interesting in that there was no appar- 
ent increase in the virulence of the virus or the number of inclu- 
sion bodies. Scott * found that the number of inclusions increased 
from 50 to as many as 312 per microscopic field, with an average 
of 203. There was, however, this difference in his procedure and 
ours; his treatment with pilocarpine began close to the time of 
the virus inoculation while ours was done after recovery was 
complete. The different results obtained by these two methods of 


138 7 | 7 me 
140 7 
144 7 II 
145 6 8 
143 Adult 10 
141 6 II 
142 7 7 
av. 8.2 
146 5 0.05 cc. 7 deh 
150 6 0.05 Cc. 6 Aa 
7 0.05 Cc. 5 
av.6 
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treatment confirm his opinion that stimulation of the gland while 
the virus is in action influences the susceptibility of the cells. In 
addition, it also indicates that the persistence of infection is prob- 
ably not due to reinfection. 

Brain to Brain Passage: Another minor problem of this experi- 
ment was the effort to make brain to brain passages as tried by 
Cole and Kuttner,’ Andrewes,* and Hudson and Markham.” It 
was thought that the greater virulence of the virus with which we 
were working might give results different from those reported in 
the literature. Portions of brains from 3 guinea pigs that died of 
the disease on the 8th day were inoculated intracranially into 3 
adult guinea pigs. All 3 animals survived and were reinoculated 
intracranially after 17 days with the same virus used for the ani- 
mals in Group IV, Table II. All survived the reinoculation and so 
probably had received sufficient virus in their previous intra- 
cranial inoculation to confer immunity. These results indicate 
that the virulent virus behaves in the same manner as the viruses 
of less pathogenic effects, as reported by other investigators. 


OBSERVATIONS 


Symptoms: The behavior of the animals following intracerebral 
inoculation was different from that observed after inoculations 
made into the visceral or into the submaxillary gland regions. 
Acute intracerebral infections, which were fatal in 5 to 8 days, 
usually presented certain nervous reactions such as increased 
salivation, staggering, loss of equilibrium, incoordination of move- 
ments, weakness, or even paralysis of the posterior extremities. 
Certain animals showed pedaling or convulsive movements prior 
to death. The variations in temperature were similar to those 
described by Cole and Kuttner,’ and Markham ° in that following 
injection of the virus there was a protracted high temperature 
which dropped to a subnormal level about 24 hours before death. 
Acute infections after inoculation of the virus into the submaxil- 
lary gland, the adjacent region, or into the peritoneal cavity or the 
abdominal viscera, produced death in from 7 to 12 days but failed 
to elicit nervous symptoms. The usual reaction was that of gen- 
eral depression and loss of appetite after 4 to 6 days. In this 
condition the animal was not alert, its eyes were often closed, and 
there was frequently a marked swelling of the submaxillary region 
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which in some cases seriously impaired respiration. The tempera- 
ture in different animals was somewhat elevated but never reached 
the levels caused by the intracerebral inoculations. Death ensued 
in these animals rather quickly and unexpectedly in comparison 
with the animals inoculated intracerebrally. 

Histopathology: The lesions produced by intracerebral inocula- 
tion of the virus were similar to those described by many investi- 
gators. They consisted of a peracute to acute inflammation of the 
meninges characterized by extensive hyperemia and monocytosis. 
The peracute lesions were encountered in the animals that died 
in from 4 to 6 days after inoculation and consisted of invasion by 
considerable numbers of macrophages with formation of large 
giant cells. When death occurred after 6 days there was a decrease 
in congestive changes but an increase in the number of infiltrating 
monocytes. There was present also an increasing microglial pro- 
liferation in regions of the brain cortex adjacent to the acutely 
inflamed regions of the meninges. This microglial proliferation 
was first noted on the 7th day, becoming pronounced on the gth 
to 11th days. 

Inoculations of the virus into the submaxillary gland or adja- 
cent subcutaneous tissue produced extensive and macroscopically 
congestive, hemorrhagic and degenerative changes in the whole 
region. Microscopically there was abundant infiltration with 
monocytes accompanied by hyperemia, extensive extravascular 
accumulations of blood, and marked tissue destruction. In addi- 
tion, macrophages and small giant cells were seen, but to a lesser 
extent than in the more acute brain lesions already described. 
Destruction was especially marked in the submaxillary gland tis- 
sue. The first gland cells to be destroyed were those of the acini, 
while the duct cells seemed to be more resistant and frequently 
persisted in regions where all of the surrounding cells had been 
completely autolyzed. If the animal survived an acute attack the 
severely damaged gland regenerated and mitotic figures could be 
found. Regeneration was almost complete by the 21st day after 
infection. 

Virus inoculated into the visceral organs produced inflammatory 
reactions similar to those seen in the submaxillary gland. There 
was extensive degeneration of the inoculated organ, frequently to 
such an extent that it was difficult to distinguish the original cells 
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from those that had migrated into the organ, which were mostly 
monocytes. In addition to these changes there was usually a more 
or less severe inflammation of the peritoneal cavity. Giant cells 
were usually found in most of the visceral organs studied. 

After inoculation of virus into one part of the body there fre- 
quently occurred a reaction in organs distant from the site of 
injection, for example an injection into the brain of an animal 
caused a reaction in the lymph glands of the submaxillary region 
after 5 days, and 8 to 12 days following an injection into the 
submaxillary gland an inflammatory reaction was present in the 
spleen and other visceral organs. The reaction in the secondary 
location was always less severe than that at the original site of 
inoculation. 

Cytopathology: The main pathological change observed was the 
formation of inclusion bodies. In addition to descriptions of 
inclusion formation in the submaxillary duct and acinar cells the 
literature includes the following references on inclusion formation: 
cells of the testis, tongue, and lung (Cole and Kuttner*); meso- 
dermal (mesenchymal) cells of the guinea pig fetus (Markham 
and Hudson **); and fibroblasts, endothelial cells, smooth muscle 
and kidney cells (Pearson,’* and Kuttner and T’ung°*). 

Inclusions were usually formed at the site of inoculation of the 
virus, although they were also found frequently in tissues distant 
from the area inoculated. Of the latter tissues, the submaxillary 
duct cell was more frequently affected, but the liver cells also 
tended to develop inclusions, although of a type different from 
those formed in the gland. 

The cells affected directly through local administration of the 
virus included monocytes, macrophages, endothelial cells and 
lymphocytes of the spleen and lymph glands, cells of the tubules 
of the kidney, the thyroid gland, a few nerve cells of the brain 
cortex, the theca cells of the ovary, interstitial and possibly some 
germinal cells of the testicle, epithelial cells of the epididymis, and 
a few cells of the adrenal. The lung, pancreas and mammary 
glands were not studied. The monocytes constituted a particu- 
larly interesting aspect of the disease in that they increased greatly 
in numbers in whatever tissue was inoculated, infiltrating not only 
at the site of inoculation but many other distant areas. The mono- 
cytes carried inclusion bodies through the course of the clinical 
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disease up to the 11th day in animals inoculated intracerebrally 
and up to the 14th day after inoculation in the submaxillary gland. 

The wide distribution of these inclusion-bearing cells distant 
from the site of inoculation is given in Table V, but whether the 
inclusion is a sign of the presence of virus in all the tissues of the 
guinea pig during the 5 to 12 days of the disease, or whether it 
represents a migration of monocytes already carrying the inclu- 
sions could not be definitely stated from our experiments until 
further relations are established between the virus and inclusion- 
bearing monocytes. Kuttner and T’ung,® however, have shown 


TABLE V 


Occurrence of Inclusion-Bearing Monocytes in Regions Distant from 
Point of Injection 


Animal Region fe) ith inclusion-beari 
rgans with inclusion. ing monocytes 
days 
52 Submaxillary 8 Spleen, liver 
54 Submaxillary II Kidney, suprarenal 
122 Submaxillary 10 Liver 
126 Submaxillary 12 Liver 
140 Spleen 7 Submaxillary gland, liver, stomach 
144 Abdominal cavity II Submaxillary gland? 
147 Brain 5 Lymph gland (submaxillary area) 
150 Brain 6 Lymph gland (submaxillary area) 


that at the roth day following intracerebral inoculation the virus 
is present in many tissues of the body. 

The evidence seems to indicate that the inclusion-bearing mono- 
cyte is not a criterion of the presence or amount of the living virus 
in that inoculation of large numbers of such cells in brain to brain 
passages and the tissue culture experiments of Andrewes * have 
failed to keep the virus alive. Andrewes came to the conclusion 
that in tissue culture survival of the virus is established but mul- 
tiplication does not occur. On the other hand, the monocyte may 
possibly engulf and thereby destroy the virus. 


II. Cyto.tocy or INcLusION Bopy FoRMATION 


This study of inclusion body formation in the guinea pig and 
a similar study undertaken on the cytology of fox encephalitis 
have indicated that the response of the chromatin is a more re- 
liable measure of the age of the inclusion than is the size of the 
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inclusion body. Intranuclear inclusion bodies must increase in 
size from a small beginning, but it would seem that this growth is 
not uniform if compared with changes that occur in the nucleus. 


Development of Inclusion Bodies in Monocytes, 
Macrophages and Giant Cells 


The “early” stage of inclusion formation, judged by the cri- 
terion of nuclear reactions, is a slight pulling away from the in- 
clusion body of the chromatin granules and their connecting linin 
network. In the earliest stages no appreciable halo exists between 
the inclusion body and the chromatin granules. This condition is 
rare and usually a halo has developed, as shown in Figures 1 
and 2. In both figures the nuclear reaction has progressed to 
about the same degree in relation to the inclusions. The condition 
in Figure 1 is more typical in that the inclusion body is single 
and small. In Figure 2 an extreme variation from the typical con- 
dition is illustrated. 

Continued margination results in retraction of the chromatin 
granules toward the nuclear membrane (Fig. 3). As a rule the 
granules of chromatin which have not yet reached the margin 
appear still definitely discrete and separate, as do the granules 
of chromatin in the earlier stages, or as those in the normal resting 
nucleus. Probably the only pronounced difference is an increase 
in amount of oxychromatin in the inclusion-bearing cell.* 

As margination proceeds the chromatin which reaches the 
nuclear membrane first fuses into a seemingly homogeneous mass. 
Upon this lie groups of chromatin granules which have aggregated 
together in irregular clumps (Fig. 4). The chromatin in contact 
with the nuclear membrane becomes inconspicuous but appar- 
ently does not diminish in amount. Such a stage as this has been 
designated as “intermediate.” The inclusion body in Figure 4 is 


* Oxychromatin is a term difficult to define because we have little definite 
knowledge concerning its chemical nature. In stained preparations it is usually 
regarded as an acidophilic substance. It has a negative Feulgen reaction. There 
seem to be two types of acidophilic material in the nucleus: first, a portion that 
behaves like the basichromatin, in that it mingles with it, has nearly the same 
specific gravity, and is readily pulled away from the nuclear membrane during 
centrifugation; and second, a portion of viscous nature which during centrifugation 
stretches into fine strands when pulled by the heavier parts of the nucleus. Wilson ™ 
is of the opinion that oxychromatin and basichromatin are two phases of the same 
substance. 
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about as large as that in Figure 7, which illustrates again how 
variable their size may be in relation to the nuclear reaction. 

In the particular cell from which Figure 4 was made the inclu- 
sion body revealed two parts which, structurally and by the stain- 
ing reactions, are distinct from each other. One is a spherical 
portion with an affinity for acid dyes, such as eosin used in the 
hematoxylin and eosin stain or in Giemsa’s stain. This body is 
relatively homogeneous in structure. The second is a darker 
staining portion which usually contains spherical vacuoles. The 
_ usual relationship of the two portions is shown in Figures 4 and 6, 
in which the darker vacuolated mass forms a cap at one side of the 
acidophilic body, but occasionally the bodies are completely sepa- 
rated (Fig. 5 ABIN and AIN). This latter arrangement empha- 
sizes the fact that the bodies are not merely the result of an optical 
phenomenon. However, evidence from staining procedures makes 
it seem probable that both bodies are of similar origin, although 
they stain differently. The darker body is not colored with the 
hematoxylin in the same way as is chromatin, instead it appears 
gray or slate colored. Feulgen’s reaction alone does not color the 
acidophilic body but does color lightly the “dark body.” When 
the Feulgen reaction with a light green counter stain is employed 
the acidophilic body stains green and the “dark body” stains gray 
or grayish blue. It is interpreted from these reactions that the 
dark inclusion body is fundamentally similar to the acidophilic 
body and that it has an affinity for the light green stain to the 
same extent, but in it there is dissolved chromatin, which gives it 
its slightly positive Feulgen character; the red and green dyes 
mixed give the slate color. Likewise, the combination of blue and 
orange colors from the hematoxylin and eosin stain gives a bluish 
slate color. In order to have a term for each type, one has been 
called the acidophilic inclusion and the other the acidobasophilic 
inclusion. Why one inclusion body should have an affinity for 
chromatin and the other should not finds no conclusive answer at 
present. Some meager evidence points to a difference in age, the 
one that contains chromatin being the older. Reason for this sug- 
gestion comes from the basophilia observed in many inclusion 
bodies under conditions when they are known to be old. Inclusions 
of both types are found not only in monocytes but also in young 
intranuclear inclusions of the submaxillary gland ducts. 
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The process of margination of the nuclear chromatin continues 
from that represented by Figure 4 and relatively few separate 
granules remain still distinguishable, a late “intermediate” state 
(Fig. 5). Margination ultimately goes to completion (Figs. 6, 7 
and 8) which has been designated as a “late” state. The nucleolus 
may lag behind in this process but later reaches the nuclear mem- 
brane (compare Figures 6 and 8). At this stage it was expected 
from a previous study on fox encephalitis that the marginated 
chromatin would break up and aggregate into masses, but this 
was not the case with the monocytic intranuclear inclusions of the . 
submaxillary gland virus of the guinea pig. In studying the final 
fate of these cells only those that were surrounded by living and 
unautolyzed cells were considered in order to eliminate, if possible, 
all non-specific extracellular toxic effects as indirect causes of cell 
changes. The number of cells which fulfilled this precautionary 
measure was relatively few. Only very rarely was autolysis seen 
in monocytes located in the midst of living cells. The process of 
autolysis when observed is similar to that found in giant cells 
(Fig. 10); the chromatin liquefies, spreads throughout the nucleus 
and obscures the inclusion body. Nuclear fluids disappear and 
ultimately the nuclear membrane shrinks against the inclusion 
body. This type of autolysis is similar to that observed by Lucas 
and Cowdry in the nuclei of liver cells in healthy rats. The 
rats were killed by a blow on the head and their bodies put in 
the incubator at 37° C. for various periods of time. The condi- 
tion in Figure 10 is somewhat similar to that shown by the 
nuclei of a rat’s liver after the animal had been dead for about 
18 hours. 

Since so few autolyzing monocytes were found in the meninges 
of the brain, search was made among other tissues, such as the 
spleen, cervical lymph glands and several visceral organs, to find, 
if possible, where these autolyzing cells were more abundant. 
They were not present in any of these tissues in numbers sufficient 
to make it seem likely that their fate was the simple autolysis for 
which we had been looking. Attention was drawn ultimately to 
the giant cells. In the literature has been described the trans- 
formation of monocytes and macrophages into giant cells. There 
was evidence that these two cell types were probably involved in 
the formation of giant cells in our material. Autolysis of giant cells 
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was found more frequently than the autolysis of monocytes and 
it was concluded, therefore, that some monocytes, at least, undergo 
autolysis after they become giant cells rather than in the mono- 
nuclear condition. 

As far as we are aware this is the first time that the occurrence 
of giant cells has been noted after the injection of submaxillary 
gland virus. They do not appear in every preparation where there 
is an infiltration of monocytes. They may be found as early as 4.5 
days, as well as in later stages when the acute congestive changes 
have subsided. 

Classification of giant cells, particularly the separation of epi- 
thelioid giant cells (Langhans’ giant cell) and foreign body giant 
cells is difficult without the use of vital dyes. Doan, Sabin and 
Forkner,’* and Forkner ** noted a structural difference, however, 
in that the nuclei of the epithelioid giant cell are arranged at the 
periphery of the cell, whereas the foreign body giant cell has its 
nuclei scattered through the cytosome. Another distinction for 
the separation of the two types is that the epithelioid giant cells 
are thought to be formed by amitotic divisions of monocytes, 
whereas foreign body giant cells form from the fusion of macro- 
phages. 

Both types of giant cells were frequently found in our material 
but the epithelioid giant cell was perhaps more in evidence be- 
cause the arrangement of its nuclei made it more conspicuous 
(Figs. 10 and 11). Lobulation of nuclei was more abundant in 
smaller than in larger cells. There were many cells with deep 
constrictions among the lobes which presumably were in the 
process of dividing into separate nuclei. In many cases two large 
lobes would be held together only by a small strand. This type 
of lobulation was observed by Unna,'* Tyzzer,’® and Lipschiitz *° 
following infection with herpes, varicella and variola, and vac- 
cinia, and has been called by these authors “ballooning degenera- 
tion,” the end result of which is the production of a cluster of 
nuclei in the center of the cell. 

Foreign body giant cells were identified by their scattered nuclei 
and the remains of phagocytozed débris in the cytosome. Whether 
fusion of cells which is characteristic of foreign body giant cells 
occurred in our material is difficult to establish with certainty. 
There were frequently observed, however, cells pressed into the 
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side of a giant cell, and in some cases part of the cell wall between 
the two seemed to be absent. 

Certain small giant cells seemed to take their origin from the 
endothelium of blood vessels in congested regions and they were 
found in numbers within blood vessels. 

Although there may be found both types of giant cells, yet there 
are all intermediate grades so that it is not certain to what extent 
we are dealing with valid foreign body giant cells or with epi- 
thelioid giant cells in which the monocytes from which they were 
formed were modified as described by Carrel and Ebeling,” and 
Lewis,” in the transformation of monocytes to macrophages. 

If giant cell formation represents the ultimate fate of a portion 
of the monocytes with inclusions, and since autolysis is frequently 
observed in these cells, it may explain the rarity of autolysis 
among mononuclear monocytes. The process of autolysis in the 
nuclei of giant cells is similar to that for the monocyte, namely 
liquefaction of the chromatin, loss of nuclear substance, and 
shrinkage of the nuclear membrane (Fig. 10). 

In some of the giant cells there were nuclei without inclusion 
bodies or the inclusions present were in different stages of devel- 
opment, but in the majority of cases all of the nuclei in one giant 
cell were in the same stage of development, namely, complete 
margination. There is the possibility that the giant cells and 
monocytes do not always deteriorate and die as a direct result of 
their abnormal states; Forkner,’’ for example, is of the opinion 
that giant cells may later split up into component cells but there 
has been no evidence for such a process in our material. 

Whether the inclusion bodies of monocytes or giant cells always 
undergo autolysis or persist after the cell disintegrates has an 
important bearing on the relation of inclusion bodies to the virus 
agent. The inclusions in Figure 10 would seem to show disinte- 
grative changes as described by Ivanovics and Hyde * for virus 
III in tissue culture. On the other hand, old inclusions entirely 
free from their cells could be definitely identified in the inter- 
cellular spaces and such bodies have been phagocytozed by other 
cells (Fig. 8 rNIN). 

The time involved in the various phases of the process of inclu- 
sion formation and development in the monocyte is not known 
since all stages appear simultaneously in one preparation. The 
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relative time may however be estimated from the relative abun- 
dance of cells in different development stages. Early stages 
(Figs. 1, 2 and 3) and autolytic stages (Fig. 10) are few in com- 
parison with the intermediate and late stages (Figs. 4, 6, 9 and rr) 
which seems to indicate that early and autolytic stages probably 
change rapidly and that intermediate and late stages are more 
enduring. It is also probable that the whole cycle of inclusion- 
bearing monocytes is relatively short in comparison with the life 
of infected duct cells of the salivary gland since the former shows 
late stages and autolysis at the end of 4 or 5 days, whereas de- 
velopment of late stages in the latter requires about 2 weeks. 


Development of Inclusions in Duct Cells of the 
Submaxillary Gland 


A reconstruction of the sequence of events in the duct cells is 
attended with much greater certainty than in the monocytes be- 
cause the development of inclusion bodies in the duct cells is 
synchronized. Because of this it is possible to gain a fairly accurate 
estimate of the time required for the development of inclusion 
bodies “im vivo.” 

Kuttner,? Andrewes,* Kuttner and T’ung,® and Hudson and 
Markham * noted that the development of inclusion bodies was 
usually delayed until about the roth to 15th day after inoculation. 
The occurrence of an initial delay has been observed in our ma- 
terial except that inclusions appeared earlier. They were never 
absent in any animal that died later than the 6th day. 

The nuclear chromatin reacts to the presence of a newly formed 
inclusion body in about the same way as in the monocyte, in that 
there is a drawing of the chromatin away from the inclusion body. 
At first this action is slight (Fig. 16, 7 days, and Fig. 17, 11 days). 
In the “early” stages strands of oxychromatin still cross the 
developing halo and the chromatin granules are separate and 
discrete. The process of margination goes approximately to com- 
pletion (Fig. 18, at the rrth day) which is still considered as an 
early stage in the formation of inclusions in the duct cell whereas 
it would be considered “intermediate” to “late” in the monocyte. 
It should be emphasized that usually more than one stage of 
development as given in the figures could be found on a single 
slide, but there were definite limits to this variation so that the 
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stages of development could be fairly closely correlated with the 
length of time the animal survived after inoculation. 

Chromatin margination is similar to that observed in the mono- 
cytes, but in the latter autolysis seems to be the next stage in the 
cycle, whereas in the duct cell a different reaction occurs. The 
chromatin, after it attains the margin, or even before that stage is 
reached (Fig. 19, 13 days, and Fig. 22, 17 days) breaks away 
and moves toward the inclusion body. This is considered as the 
“intermediate” stage in nuclear reaction; it includes the period 
when the amount of centrally migrated chromatin is still small 
and particulate, and more or less uniformly distributed around 
the inclusion body. With increasing age more of the chromatin 
accumulates (Fig. 23, 17 days, and Fig. 20, 21 days). Then 
follows a slight clumping of chromatin granules which ultimately 
goes as far as illustrated in Figure 21, a cell taken from a section 
of tissue from a stock animal used as a source of virus. The 
clumping of the chromatin, which has moved centrally, and its 
almost complete absence on the margin is designated as an “old” 
stage. In none of the cells observed, however, were all the gran- 
ules clumped together. As a result of the central migration of 
chromatin the nuclear margin becomes nearly bare. 

The description of the old stages agrees with the previous 
studies made by one of us,® with the exception of one point. In 
the experiments published in 1936 it was stated that all of the 
basichromatin moved centrally. This appeared to be the case 
when hematoxylin and eosin were used as a stain, but after the 
Feulgen reaction was applied (Figs. 22, 23 and 24) it was 
discovered that a small amount of finely dispersed basichromatin 
remained mingled with the oxychromatin on the nuclear 
membrane. 

When these criteria of age are applied to the colored illustra- 
tions of submaxillary gland duct cells by Cole and Kuttner,’ 
Figure 2 would be regarded as a young stage, as they suggested, 
and Figure 1 an intermediate stage. 

The final fate of inclusion-bearing cells could not be established 
definitely. In many cases they were apparently extruded into the 
lumens of the ducts and this was observed at various stages of 
inclusion formation. Autolysis was observed in only a few of the 
older cells, but this occurred only in regions where tissue destruc- 
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tion was pronounced. When it did occur it followed the same 
cycle as revealed in degenerating monocytes, namely liquefaction 
of the chromatin, loss of nuclear fluids and shrinkage of the 
nuclear membrane against the inclusion body (Fig. 25). 

A characteristic cellular reaction recorded in most of the litera- 
ture and also found in our studies is the occurrence of cell and 
nuclear hypertrophy. The cell in Figure 18 (11 days after in- 
oculation) already shows marked hypertrophy. This effect is 
continued for at least 2 weeks after the first appearance of intra- 
nuclear inclusions (compare Fig. 18 with Fig. 24 from an animal 
24 days after inoculation). 

The inclusion body during its formation often shows the same 
two types of parts found in monocytes; one stains gray (acido- 
basophilic inclusion) with hematoxylin and eosin, and the other 
pink (acidophilic inclusion). The same explanation of formation 
holds true, namely that the gray body contains a certain amount 
of dissolved chromatin. As the inclusions become older the amount 
of dissolved chromatin increases and old inclusions nearly always 
stain darkly. 

The cytoplasmic inclusions were probably first observed by 
Jackson ** who reported them as parasitic organisms. Pearson ** 
and Andrewes‘ later studied them. Andrewes considered them 
secondary to nuclear inclusions, while Pearson proved them to be 
faintly Feulgen-positive, a fact later confirmed by Markham.® 
Similar bodies have been observed in the submaxillary glands of 
man by Goodpasture and Talbot,” and by Farber and Wolbach.”® 

In our study the cytoplasmic inclusions are scarcely visible 
when stained with hematoxylin and eosin after fixation in Zenker’s 
acetic acid solution, while the stain is somewhat better after fixa- 
tion in corrosive sublimate plus acetic acid. They stain blue with 
Giemsa’s stain. The results are best after the Feulgen reaction, 
by which method the inclusions are the only cytoplasmic elements 
that give a positive reaction. The cytoplasmic inclusions proved 
to be different from the intranuclear ones in that they had an 
affinity only toward the Feulgen reaction and not toward the light 
green counterstain which indicated a distinct difference between 
the two inclusion bodies. The Feulgen-positive character of the 
intranuclear inclusion is a secondary quality, whereas it is a 
primary one for the cytoplasmic inclusion. Haagen ** reports that 
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the cytoplasmic inclusion of vaccinia virus is Feulgen-positive but 
is of the opinion that in this case the Feulgen-positive material is 
derived from the basichromatin of the nucleus. 

The development of cytoplasmic inclusions lags behind that of 
nuclear inclusions, as already reported by Andrewes.* They ap- 
pear on or before the 17th day after inoculation (Fig. 22), which 
is 6 to 10 days after the first appearance of the intranuclear in- 
clusions. The cytoplasmic inclusion appears first as a small granu- 
lar body, but in the same slide from which Figure 22 was chosen, 
older stages were found in which the number and size of these 
bodies had increased, as shown in Figure 23 cin. In this particu- 
lar cell the particles which aggregated to form the inclusion bodies 
were sufficiently separated so they could be distinguished indi- 
vidually. It proved difficult to measure the diameter of a single 
particle because Feulgen’s technique does not stain very strongly 
a particle so small, but their diameters were estimated to be about 
400 uy. When the inclusion bodies are older they form com- 
pact masses and individual particles are no longer visible (Fig. 24, 
24 days), and the number of inclusion bodies increases also. 

When these cells autolyze (Fig. 25) the outline of the cyto- 
plasmic inclusions becomes less definite, but the reaction may be 
due more to disruptive and disintegrative changes in the cyto- 
plasm than to autolysis within the inclusion body itself. 

These cytoplasmic inclusions are usually observed at the lumen 
side of the cell, which usually presents the larger amount of cyto- 
plasm. This agrees with observations by Pearson. 

The rate at which intranuclear and cytoplasmic inclusion for- 
mation takes place may be summarized as follows: intranuclear 
inclusions may appear as early as the 6th day after inoculation 
but probably they develop later in the animals less acutely affected. 
The early steps of margination proceed rapidly and are usually 
found with the beginning stages. The migration of the chromatin 
toward the inclusions (intermediate stage) begins about the 13th 
day after inoculation and extends up to the 17th day. The old 
stages, characteristic of the condition found in stock animals, 
appear on the 21st day after inoculation and are abundant by 
24 days. 

The cytoplasmic inclusions first appear when the nuclear cycle 
is half completed, namely about 17 days. They develop more 
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rapidly than the nuclear stages so that at 24 days they are as 
numerous as they are in stock animals. 

It has been mentioned that intranuclear inclusions develop in 
many other tissues of the body, but the sections prepared were 
not sufficiently abundant to allow an accurate determination of 
the sequence of developmental stages. Those in the liver cells 
were given particular attention because of their similarity to 
the “chemical inclusions” reported by Olitsky and Harford.”* * 
The inclusion body in the liver cells is hyaline, stains with acid 
dyes, although rather lightly, and the particular feature which 
made them appear similar to those reported by Olitsky and Har- 
ford is the apparent compatibility of the chromatin with the in- 
clusion body and the absence of a clearly defined halo around the 
inclusion body (Fig. 15). The chromatin in the cells is only very 
rarely completely marginated; usually there is little or no mar- 
gination. The nuclear reaction in the liver cells is similar also to 
that illustrated and described by Blackman * in kidney cells fol- 
lowing lead poisoning. 


Effects of Ultracentrifugation on Inclusion-Bearing Cells 


Earlier studies on the centrifugation of herpes inclusions in 
cells of the rabbit cornea demonstrated that the inclusion body 
was lighter than either the nuclear sap or the chromatin.’ The 
centrifugation of glands from stock guinea pigs infected with the 
submaxillary virus failed to separate the chromatin from the intra- 
nuclear inclusion and both were carried to the centrifugal pole.® 
It was hoped that by using early stages before the chromatin 
joined the inclusion body the relative specific gravity of the inclu- 
sion body could be determined and compared with that of herpes. 

In the present investigations the effects of centrifugation on 
duct cells of different ages, on monocytes and on lymphocytes 
were studied. The movement of the chromatin in both lympho- 
cytes (Fig. 12) and monocytes (Figs. 13 and 14) is independent 
of the degree of margination. The partially or totally marginated 
chromatin moves to the centrifugal pole while the inclusion body 
remains suspended in the nuclear sap. When completely mar- 
ginated the chromatin seems to slide along the nuclear membrane 


* Dr. Olitsky and Dr. Harford kindly sent us a stained slide and a block of tissue 
from their experiments in order that we might make more direct comparisons. 
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to reach the centrifugal pole. The number of cells available for 
study were too few to give any idea whether the inclusion body, if 
centrifuged longer, would have moved upward or downward 
through the nuclear sap in which it was suspended. In several 
cells two types of intranuclear inclusions were distinguishable. 
After centrifugation (Fig. 13), however, no consistent orientation 
could be observed which would indicate that one was heavier than 
the other. 

In the submaxillary gland duct cells, 10 days after inoculation 
when the intranuclear inclusion bodies are beginning to form and 
when little or no chromatin has moved on to the inclusion body, 
centrifugation concentrated the basichromatin and oxychromatin 
at the centrifugal pole (Fig. 26). The inclusion body follows the 
chromatin, and thus demonstrates that it is lighter than the chro- 
matin but heavier than the nucleoplasm. 

When the stage of development has been reached in which the 
chromatin particles migrate to the inclusion body, centrifugation 
carries the loose marginated chromatin to the centrifugal pole but 
it does not separate that which has joined the inclusion body 
(Fig. 27, 14 days). 

By the time cytoplasmic inclusions are numerous and the 
nuclear changes are well advanced, centrifugation causes the 
movement of the inclusion and its adherent chromatin to 
the centrifugal pole where it may produce a bulging of the nuclear 
membrane, as in Figure 28. In addition, the evidence is fairly 
conclusive that the cytoplasmic inclusions are heavier than any- 
thing else in the cytosome, and perhaps as heavy as the nucleus. 
In nearly every cell studied they were located as close to the 
centrifugal pole of the cell as the nucleus would permit. In some 
cases the nucleus and its inclusion body touched the cell wall and 
under these conditions the cytoplasmic inclusions were located at 
the side of the nucleus, but near the centrifugal pole. The high 
relative specific gravity of the cytoplasmic inclusion perhaps has 
some relation to the Feulgen-positive nature of the material of 
which it is composed. 


III. Discussion 


Many points of limited interest were discussed under the ex- 
perimental data. Several of the larger problems on which these 
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investigations have a bearing are the origin and fate of inclusion 
bodies, and the viability of the cells which bear them. The sig- 
nificance of the centrifugation studies will be discussed. 


Origin and Fate of Inclusion Bodies 


Nearly all structural parts of the cells have been suggested as 
the source or origin of inclusion bodies. In addition they have 
been considered to be aggregations of virus particles. As an ex- 
ample, Negri bodies have been suggested to be of neurofibrillar 
and mitochondrial origin by Goodpasture,*®® from Nissl substance 
by Covell and Danks,** and Nicolau and Kopciowska.** The 
origin of vaccinia bodies has been stated to be from basophilic 
material of the cytoplasm (Cowdry **), from nuclear material 
passed from the nucleus to the cytosome (Taniguchi e¢ al.,** and 
Haagen **), from accumulation of virus elementary bodies (Pa- 
schen,*® Goodpasture, Woodruff and Buddingh,** and Burnet and 
Andrewes **). In the formation of intranuclear inclusions it has 
at times been suggested that the plasmosome hypertrophies to 
form the acidophilic body. In this regard it is probably worth- 
while to present evidence that this is not the case in the inclusion 
body formation of either the monocyte or of the submaxillary 
duct cell. First, a nucleolus is absent in some of the blood cells, 
namely lymphocytes and small monocytes, so that the acidophilic 
body could not develop from the plasmosome. In large monocytes 
(Figs. 6, NL and 8), in endothelial cells, and in nerve cells in 
which inclusion bodies were formed, the nucleolus was pushed 
toward the nuclear membrane and showed no affinity for the de- 
veloping inclusion body. The most convincing evidence, though, 
comes from the submaxillary duct cell (Fig. 23) and the liver cell 
(Fig. 15 NL). In the duct cells the plasmosome, which is distin- 
guishable during the margination process, is pushed against the 
nuclear wall. This is shown well also in the liver cell in which the 
inclusion body is distinct from the plasmosome. The plasmosome 
is covered with adherent basichromatin, but the inclusion does not 
attract the basichromatin in the same way. 

Related to the problem of lineage of cell organelles in inclusion 
formation is the problem dealing with the causes underlying 
margination, separation of oxyphilic and basophilic chromatin, the 
time it takes place, and the intracellular movements of other cell 
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material. The mechanics of margination are apparently the same 
in the three examples studied closely, namely, the meningeal cells 
reacting to the virus of fox encephalitis, and the monocytes and 
the duct cells of guinea pigs under the action of the submaxillary 
gland virus. There is this interesting difference which may have 
significance as more material becomes available; the inclusion 
body of fox encephalitis is Feulgen-positive from its earliest be- 
ginning, while that of the submaxillary disease is negative in the 
early stages. Corresponding to these differences, in fox encephal- 
itis the oxychromatin completely separates from the basichroma- 
tin and migrates centrally to apply itself to the surface of the 
inclusion body while the basichromatin moves to the nuclear 
membrane. In the submaxillary gland duct cells of guinea pigs 
both oxychromatin and basichromatin marginate, but after the 
initial margination spurt is over the basichromatin returns to the 
acidophilic inclusion body and becomes so closely attached that 
it has not yet been separated by centrifugal forces over 500,000 
times gravity. Thus, in 1 case oxychromatin unites with a baso- 
philic inclusion body, and in the other basichromatin unites with 
an acidophilic inclusion body. 

The question might be raised, why does not the same central 
movement of chromatin take place in the monocytes as described 
for the duct cells? It does take place, for example, in Figure 7, 
but it is found only rarely and never to a greater degree than 
illustrated. Only one suggestion can be offered as to why it does 
not go as far in the monocyte as it does in the duct cell, namely 
that the monocyte does not survive long enough. We do not know 
the life span of the cells in a congested area, but the complete 
cycle of tissue changes from inoculation to the period when mono- 
cytes have reached a peak in numbers is about 5 days, and in the 
next 5 days practically all have disappeared. The life span of a 
single cell in such an area of rapid change is either very short or 
it changes so completely that its lineage has not been followed. 
If its life were less than from 3 to 5 days, then the central move- 
ment of chromatin would not have time to develop, because it has 
already beer shown in the duct cells that the central migration 
comes after about 5 days. 

For a number of years it was felt that the presence of intra- 
nuclear inclusion bodies was strong evidence for the existence of 
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a virus, but that point of view has lost ground by the researches 
of Luger and Lauda,** Lee,®® Blackman,” and recently Olitsky 
and Harford.** These investigators report the formation of in- 
clusions by the use of chemical agents, including metals, such as 
lead, iron, aluminum and arsenicals. In addition, Olitsky and 
Harford *° produced inclusions by the use of virus-free brain 
tissue. 

According to these reports from the literature the question 
arises, are the intranuclear inclusions accompanying cellular re- 
actions produced in the monocytes of the guinea pig by the chemi- 
cal methods of Olitsky and Harford identical with those produced 
by the virus? It has been shown that the cytological picture in 
the monocytes under the action of the virus is different from the 
chemical inclusions, but on the other hand the virus has produced 
a reaction in the nuclei of liver cells which is practically identical 
with the chemically produced inclusions of the monocytes. The 
cytology of the kidney and liver nuclei pictured by Blackman 
after lead poisoning are quite similar to those we find in the liver 
after inoculation of submaxillary gland virus, and similar to those 
obtained in monocytes by Olitsky and Harford, and both of these 
are similar to the earliest stages in nuclear reaction to a virus. A 
final answer cannot yet be given, but the simplest suggestion based 
on facts at hand is that different results are a measure of differ- 
ent degrees of severity of action on the cell by the agents em- 
ployed, namely that the liver cell under virus action, and the 
monocyte under chemical action, are responding to a mild stimu- 
lus, and thus most of the cells reach only an early stage in 
nuclear reaction, whereas the monocytes and duct cells under 
virus action are severely affected and go to the full extent of the 
response. 

Our data give us no information as to whether the intranuclear 
inclusions are aggregates of particles or are only cellular reaction 
products. Markham ® is of the opinion from his study on mono- 
cytes in the living condition that there are present in the nucleus 
“.. . units comparable to the elementary bodies found in other 
virus infections.” Our fixed and stained preparations in which 
the techniques employed were different from his, revealed nothing 
of this granular nature. The only structures suggestive of ele- 
mentary bodies in our studies were observed in the cytoplasmic 
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inclusions of the duct cells. Their size (400, ,) is larger however 
than that given for the elementary bodies of other cytoplasmic 
inclusions. There are as yet no detailed studies on the size of the 
submaxillary virus by filtration methods. Cole and Kuttner? 
noted that it was too large to pass a Berkefeld N filter. 


Viability of an Inclusion-Bearing Cell 


The opinion has sometimes been expressed that a cell which 
bears an inclusion is dying; on the other hand, we have found 
records by Ludford and Findlay ** and Goodpasture ** that cells 
which contain cytoplasmic inclusions of fowl pox divide by 
mitosis. So far, however, there is no record of mitosis in cells 
that contain intranuclear inclusions, although amitotic division 
in these cells has been described by Lipschiitz*° in vaccinia, 
and by Ivanovics and Hyde in tissue cultures infected with 
virus III. In our studies we have encountered this phenomenon 
of amitosis in monocytes and macrophages which contained in- 
clusion bodies. 

All of this evidence points to a certain degree of vital activity 
and the cells which are capable of such response are, of course, 
not dead. Just how soon they are going to die is difficult to deter- 
mine and it is still more difficult to determine whether the presence 
of the inclusion body will cause them to die sooner than neighbor- 
ing cells which lack inclusion bodies. In regard to the viability of 
the submaxillary duct cell inclusion, the evidence brought out by 
Pearson ** and further advanced by Cowdry * that these cells 
represent dead cells in a state of static equilibrium, because of 
their resistance to peritoneal autolysis, seems to us rather unsatis- 
factory evidence of death since it might also represent a static 
condition of life of the cell making it more resistant to autolytic 
processes in the peritoneal cavity. Pearson '* has suggested that 
the absence of mitochondria in the inclusion-bearing duct cells is 
evidence that they are dead. However, Sabin, Doan and Cun- 
ningham ** observed that macrophages in tissue culture lacked 
mitochondria and these cells were definitely alive. In our studies 
we found some regions in which the state of the nuclear reaction 
to the inclusion had progressed quite a bit further than the usually 
observed “old” state, and these changes represented distinct auto- 
lytic effects (Fig. 25). These zones of autolysis were surrounded 
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by extensive tissue destruction and the effect may have been due 
to influences other than the virus; still it represents valuable evi- 
dence that the cells can undergo death changes, and when they do 
die the process is similar to that of other cells. This evidence 
would therefore place the intranuclear inclusions in the submaxil- 
lary duct cells in a “static life state” rather than one of death. 
The fact that these inclusions are said to persist for long periods 
of time, which we could verify indirectly by the fact that we never 
encountered ‘“‘young” stages of inclusion formation, such as those 
of Figures 16 to 18, in any of the guinea pigs used as virus sources, 
brings out further the theory of viability of these cells. 

Studies of Autolysis on rats show that at body temperature 
cells disintegrate in 18 hours after death of the animal, but the 
inclusion bodies in the duct cells of the guinea pig develop slowly 
over a period of at least 2 weeks, which fact may be additional 
evidence that an inclusion-bearing cell is still capable of vital 
activities. Scott and Pruett * in their cytological study of the 
volume of inclusion bodies present facts which may be interpreted 
as evidence for the idea that the inclusion-bearing cells are alive. 
They have given careful measurements of nucleocytoplasmic re- 
lations in salivary gland duct cells, with and without inclusion 
bodies. If one goes a step further with their data and calculates 
the nucleocytoplasmic relations after subtracting the volume of 
the inclusion body from the volume of the nucleus, the ratio of 
nucleus to cytoplasm of infected cells is approximately normal, 
which indicates that during the great hypertrophy of the nucleus 
and cytoplasm, physiological ratios characteristic of the normal 
living cell were maintained. 

The viability of inclusion-bearing cells is still further cham- 
pioned by Nicolau and Kopciowska,** who report that such cells 
are not only alive but contain inclusions because they are particu- 
larly resistant to the action of the virus. Nicolau, Kopciowska 
and Mathis *’ go so far as to state that in mice infected with yellow 
fever inclusions in the brain begin to recede and disappear by the 
11th to the 14th day after infection and that the same cells which 
carried the inclusions eliminated them from the nucleus and re- 
turned to a normal condition. We have no definite evidence, 
however, from our studies to suggest anything of a similar re- 
generative nature with the submaxillary gland virus. 
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Centrifugation 


Evidence that centrifugation does not kill the cells but instead 
that tissue cells can withstand centrifugal forces sufficient to ac- 
cumulate the chromatin at one pole is given by Guyer and Claus,** 
and MacDougald, Beams and King,** so that we may assume that 
the stratification of substances we observe has taken place in a 
living system and not in cells that were killed sometime prior to 
the results obtained. 

The previous work with herpes inclusions * demonstrated that 
they were lighter than any normal constituents of the nucleus, but 
in our study on the intranuclear inclusions of duct cells the bodies 
proved to be heavier than the nuclear sap, but apparently lighter 
than the chromatin. The same result was observed in fox enceph- 
alitis. No generalization can be made until more cells affected by 
other viruses have been centrifuged but the differences between 
herpes and other viruses may prove significant in that the herpes 
inclusions are of the granular particulate type (type A of Cow- 
dry °°) while those in the monocytes and submaxillary duct cells, 
as well as those in the meningeal cells of fox encephalitis, under 
fixed and stained conditions, are a hyaline non-granular type, simi- 
lar to the “chemical inclusions.” 

Considerable evidence is available in the work of MacCallum 
and Oppenheimer ™ and Schlesinger ** on the absolute specific 
gravity of various viruses, but these data cannot be utilized in a 
study of the relation between inclusion bodies and virus until some 
method is devised to determine the absolute specific gravity values 
of chromatin, nuclear sap and other cell organelles. 


SUMMARY AND CONCLUSIONS 


1. A submaxillary gland virus of guinea pigs was found which 
proved to be more virulent than that previously reported in the lit- 
erature in that it produced death regardless of the region in which 
the inoculation was made, whereas the submaxillary gland virus 
of guinea pigs usually kills only after intracerebral inoculation. 

2. Young virus-free guinea pigs taken from a colony that 
furnished the virus were slightly more resistant to the action of 
the virus than guinea pigs of the same age taken from a colony in 
which all the members were free from the virus. 
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3. There is some evidence that the young guinea pigs are more 
resistant to the action of the virus than the full grown animals of 
the same stock. 

4. This virus failed to maintain itself in brain to brain passages 
which agrees with results obtained when a less virulent type was 
used. 

5. The symptoms and histopathology of the disease follow the 
same course as described by others for this virus. 

6. Giant cells of both the epithelioid and foreign body types 
have been found in all tissues of the body where inclusion-bearing 
monocytes may be seen. 

7. Intranuclear inclusions have been observed in lymphocytes, 
monocytes, macrophages, endothelial cells, cells of the tubules of 
the kidney, follicles of the thyroid, theca cells of the ovary, inter- 
stitial and possibly germinal cells of the testicle, epithelial cells of 
the epididymis, adrenal and a few nerve cells of the brain cortex. 

8. Inclusion-bearing monocytes appear in numerous tissues re- 
mote from the site of injection. 

9. The inclusions are frequently composed of two parts, an 
acidophilic portion and an acidobasophilic portion. 

10. The stages of the nuclear reactions in monocytes to the 
developing intranuclear inclusions have been divided into young, 
intermediate and late. The young stages are those in which the 
halo is small, the chromatin discrete, and the linin network ex- 
tensive with little or no margination. The intermediate stages are 
those in which about half of the chromatin has marginated, and 
the rest clumped, but still showing the particulate nature of the 
material forming the clumps. The late stages are those in which 
the chromatin forms a layer of uniform thickness. In very late 
stages a few granules of chromatin may return to the surface of 
the inclusion body. 

11. The ultimate fate of the inclusion-bearing monocyte some- 
times is autolysis. More frequently the monocyte is involved in 
the giant cell formation which in turn may undergo autolysis. 

12. Intranuclear inclusions of monocytes may be found free 
in the tissue spaces and there phagocytozed by macrophages. This 
is taken as evidence that they are more resistant than the cells 
producing them. 

13. Intranuclear inclusions develop in the duct cells of the 
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submaxillary gland as early as the 6th day after inoculation, and 
complete their development to the old stage 21 to 24 days after 
inoculation, which is 15 to 19 days after they first appear. Cyto- 
plasmic inclusions develop about the middle of the cycle. 

14. The early stages of nuclear reactions in the submaxillary 
gland duct cells include those changes that were called “early” 
and “intermediate” in the monocytes. The intermediate stages in 
duct cells involve migration of some of the granules of chromatin 
to the inclusion body, but these are scattered over the inclusion 
and are not clumped. The late stages are those in which most of 
the chromatin has migrated to the inclusion body and has aggre- 
gated into clumps. 

15. The reaction of nuclei to inclusions of virus origin have 
been compared to the chemically produced inclusions of Olitsky 
and Harford and it is suggested that the differences are due to 
those of intensity of the reaction on the nucleus rather than dif- 
ferences in quality. 

16. Several lines of evidence indicate that cells containing intra- 
nuclear inclusions are living and not dead. 

17. Centrifugation of inclusion-bearing submaxillary duct cells 
at young and intermediate stages reveals that the chromatin is the 
heaviest element in the nucleus, that the inclusion is next, and 
that the nuclear sap is lightest, which results are contrary to those 
found for herpes. The cytoplasmic inclusions are as heavy as the 
nucleus. 
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DESCRIPTION OF PLATES 


Drawings were made with a camera lucida at a magnification of X 3250 
and are reduced to a magnification of X 1800. The direction of centrifugal 
force in Figs. 12, 13, 14, 26, 27 and 28 is indicated by an arrow beside each 
figure. 

AIN = acidophilic inclusion; ABIN = acidobasophilic inclusion; cIN = cyto- 
plasmic inclusion; ININ = intranuclear inclusion in cytosome of a macrophage; 
LUMEN = lumen of a submaxillary gland duct; and Nt = nucleolus. 

The cells shown in Figs. 1-15 were stained with Ehrlich’s hematoxylin and 
eosin stain, and all except those in Figs. 9 and 10 were fixed in Zenker’s 
fluid plus acetic acid. In these 2 cases the fixative was an alcohol and cor- 
rosive sublimate mixture. 


PLATE 55 


Fic. 1. An early stage in the formation of an intranuclear inclusion. A mono- 
cyte from the meninges of the brain of an adult guinea pig, which died 
5 days after an intracerebral inoculation of 20 per cent submaxillary 
gland virus. 


Fic. 2. A monocyte with two moderately large intranuclear inclusions. The 
nuclear reaction to the inclusion is at about the same stage as in Fig. 1. 
From the same slide as Fig. 1. 


Fic. 3. An early stage in the nuclear reaction to an inclusion formation but 
later than that illustrated in Figs. 1 and 2. A monocyte from the meninges 
of the brain of an adult guinea pig, 1 of 3 animals in Group III, Table I, 
which died 8 days after intracerebral inoculation. 


Fic. 4. An intermediate stage in the nuclear reaction to an inclusion forma- 
tion. A monocyte from the meninges of the brain of an adult guinea pig, 
Group II, Table II, which was sacrificed at coma stage 4% days after 
intracerebral inoculation. The acidobasophilic body forms a cap at one 
side of the acidophilic body. 


Fic. 5. About the same stage of nuclear reaction as shown in Fig. 4. Taken 
from the same slide. The acidophilic and acidobasophilic bodies are 
separate, a condition that may be found occasionally. 


Fic. 6. A late stage in nuclear reaction. Most of the chromatin, except the 
nucleolus, is completely marginated. Acidophilic and acidobasophilic in- 
clusions are shown. A large monocyte taken from the same slide as that 
shown in Fig. 3. 


Fic. 7. The latest stage of nuclear reaction observed until autolysis sets in. 
The marginated chromatin shows a slight tendency to aggregate into 
regular clumps along the margin. A small amount of chromatin has 
returned to the surface of the inclusion body. A large monocyte from 
the same slide as that shown in Figs. 4 and s. 
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Fic. 8. A large monocyte which has phagocytozed three intranuclear inclu- 
sions liberated from other cells. Its own nucleus is in a late stage of 
nuclear reaction. A cell from the meninges of the brain of adult guinea 
pig No. 129, Table III, which died 7 days after intracerebral inoculation. 


. 9. A binucleated large monocyte. The nucleus to the left shows an early 
stage of reaction and the one to the right an intermediate stage. From 
the meninges of a 5 weeks old guinea pig (No. 149) sacrificed at coma 
stage 5 days after intracerebral inoculation. 


. to. A small epithelioid giant cell undergoing autolysis. The inclusions 
are nearly obscured by the liquefied chromatin. From the same slide as 
Fig. 9. 

. 11. An epithelioid giant cell showing varying stages of nuclear reaction 
to inclusion bodies. Some nuclei are undergoing autolysis or else have 
been phagocytozed. From the meninges of a guinea pig, Group I, Table II, 
which died 4 days after intracerebral inoculation. 


. 12. A lymphocyte with an intranuclear inclusion which has been centri- 
fuged for 30 minutes at forces between 300,000 to 550,000 times gravity. 
Oxychromatin and basichromatin moved to the centrifugal pole and the 
inclusion body is pushed to the opposite pole. From the meninges of a 
guinea pig, Group I, Table II, which died 4 days after intracerebral 
injection. 

. 13. A monocyte which has been centrifuged long enough to pull much 
of the chromatin toward the centrifugal pole but which does not show 
much displacement of the inclusion body. From the same slide as Fig. 12. 


. 14. A monocyte which contains a greater quantity of chromatin than 
Fig. 13. The inclusion body is displaced slightly toward the centripedal 
pole. From the same slide as Fig. 12. 


. 15. Inclusion-bearing cell from the liver. The karyosome and plasmo- 
some nucleoli are toward the left and the acidophilic inclusion to the 
right of the center. A 5 weeks old guinea pig, No. 140, Table IV, which 
had been injected with the virus into the spleen 7 days before death. 
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THE HISTOLOGY OF ORBITAL AND OTHER FAT TISSUE 
DEPOSITS IN ANIMALS WITH EXPERIMENTALLY 
PRODUCED EXOPHTHALMOS * 


GerorcE K. SMeEtser, Px.D. 
(From the Department of Ophthalmology, Columbia University, and the Institute 
of Ophthalmology, Presbyterian Hospital, New York, N. Y.) 

In the many attempts to produce exophthalmos experimentally, 
stimulation of the sympathetic nerves which causes a contraction 
of the smooth muscles of the orbit has almost invariably been 
used.’ None of these methods has produced an exophthalmos 
comparable to the more marked clinical cases, although some 
degree of proptosis has been obtained. Recently examination of 
the orbital contents of animals with exophthalmos produced by in- 
jection of extract of the anterior lobe of the pituitary gland revealed 
many features characteristic of clinical exophthalmos following 
thyroidectomy (Smelser*). The weight of the orbital contents, 
muscles, lacrimal glands and fat tissue deposits was increased in 
these animals and the fat tissue, and to some extent the muscles, 
became edematous. The edema, associated with some round cell 
infiltration of the orbital fat tissue and muscles, presented essen- 
tially the same condition as that found in orbital tissues in exoph- 
thalmos following thyroidectomy. The proptosis produced was 
marked (not simply a widened palpebral fissure) and persisted 
postmortem. The protrusion could be convincingly demonstrated 
and measured by a roentgenogram of the orbit. The position of 
the bulb was indicated by a silver marker placed on the apex of 
the cornea. 

These observations assume especial importance because of 
clinical studies of exophthalmos which have been made in recent 
years.”"° All of these studies have been concerned with malig- 
nant or progressive exophthalmos which increased following thy- 
roidectomy. Similarly, the exophthalmos produced by injection 
of extract of the anterior lobe of the pituitary gland is most severe 
when the metabolic rate is low (Friedgood," Smelser **), or in the 
absence of the thyroid (Marine and Rosen,’* and Smelser ® **). 
Examination of orbital contents from patients with exophthalmos 


* Received for publication January 8, 1939. 
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has revealed in many instances enlarged extraocular muscles which 
are found on histological examination to be edematous and invaded 
by masses of round cells. Other cases are reported in which edema 
and hypertrophy of the orbital fat and connective tissue are con- 
sidered to be the cause of the exophthalmos.’*"* Further evi- 
dence indicates that the edema is general throughout the orbit, 
affecting both the fat tissue and the muscles.*® Study of biopsy 
specimens from different regions or muscles of an orbit does not, 
however, show them to be necessarily equally affected, thus sug- 
gesting an explanation of the various changes observed in such 
cases. 

The production of exophthalmos and edema of fat and connec- 
tive tissue of the orbit by injection of extract of the anterior lobe 
of the pituitary gland raises the question whether this reaction, in 
widely distributed tissues, is localized in the orbit or occurs gener- 
ally in the fat tissue deposits. 


EXPERIMENTAL 


Nineteen full grown guinea pigs were thyroidectomized, and 
following a 15 to 20 day recovery period were injected with an 
extract of anterior lobe of the pituitary glands of beef. The extract 
was prepared as described earlier ‘* and was essentially a well 
tolerated, partially purified preparation which produced body 
growth of hypophysectomized rats, greatly increased weight of 
the thyroids and ovaries in guinea pigs and of adrenals of thy- 
roidectomized guinea pigs. An amount of extract equivalent to 
250 to 500 mg. of acetone-dried powdered anterior lobe of the 
pituitary gland was injected daily for various periods of time. 
Exophthalmos became evident in most cases within 15 to 20 days, 
although in a few instances 30 to 40 injections were necessary. 
An autopsy was performed after exophthalmos had been main- 
tained approximately 20 days. The orbital contents were re- 
moved, weighed, and the fat tissue fixed in Bouin’s fluid. All 
animals were exsanguinated before the tissues were removed. Fat 
tissue from the cervical region lying lateral to the trachea and 
extending posteriorly from the larynx, was also fixed. Other 
samples of fat tissue were taken from the axilla and the kidney. 
The fat tissue attached to the ovary, fallopian tube and upper 
portion of the uterus was taken from the females, and a specimen 
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surrounding the ureter near the bladder from the males. By this 
means fat deposits in several regions were examined and compared 
with orbital fat tissue from the same animal. The specimens were 
all fixed in Bouin’s fluid, embedded in paraffin and sections cut at 
6p and stained with Masson’s trichrome method and the hema- 
toxylin-eosin stain. Sections from several regions in each specimen 
were used in order to study representative areas. Control tissues 
were obtained from 6 normal and 4 thyroidectomized uninjected 
guinea pigs. Nine thyroidectomized animals, 4 of which received 
extract of liver and 5 of which received thymus extract, provided 
additional tissues for comparison. The beef liver and thymus ex- 
tracts were prepared by the same method used for the pituitary 
glands and were injected in daily amounts equivalent to 1000 mg. 
of the acetone-dried tissue. 


RESULTS 


Sixteen of the animals injected with pituitary extract became 
definitely exophthalmic and were autopsied. The orbital contents 
were carefully examined and weighed, and were fixed for histo- 
logical study. Injection of pituitary extract produced a 35 per 
cent increase in total weight of the retrobulbar tissues. All orbital 
structures were involved in this increase with the exception of the 
ventral lacrimal gland. The orbital fat tissue was proportionally 
the most affected, although the dorsal lacrimal gland, because of 
its size, contributed more to the total weight of the orbital con- 
tents. Swelling of the extraocular muscles was of particular inter- 
est because of the emphasis placed on them in clinical studies and 
because their weight was constant in the control animals. These 
observations have been discussed more completely elsewhere.® 
Injections of liver and thymus extracts were without effect on the 
weight of the orbital contents of the control animals. 

The structural modifications of the dorsal lacrimal and extra- 
ocular muscles will be discussed separately. The amount of orbital 
fat tissue in the exophthalmic animals was not only increased but 
its appearance was definitely changed. Normally, and in the 
injected control animals, orbital fat tissue was rather opaque, but 
in the exophthalmic animals it appeared to be translucent and 
gelatinous. The amount of orbital fat tissue was nearly double 
that of the control animals, weighing an average of 63 mg. in the 
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animals injected with pituitary extract and 27 to 33 mg. in the 
control animals. Orbital fat tissue from normal and uninjected 
thyroidectomized guinea pigs weighed 31 and 33 mg., and that 
from control animals treated with liver and thymus extract 
weighed 27 and 33 mg. respectively. 

Orbital Fat Tissue: The orbit of the normal guinea pig contains 
a small amount of fat tissue which lies directly behind the bulb, 
surrounding the optic nerve and filling the interstices between the 
extraocular muscles and, to some extent, between the lobules of 
the large dorsal lacrimal gland. The bulk of the fat tissue lies 
within the muscle cone which it fills. It is traversed by nerves, 
small blood vessels and the striated retractor-bulbi muscles, which 
are very small. The entire orbital fat content was studied and 
sections revealed many fat cells divided by connective tissue 
septums into irregular lobules. Because all autopsies were per- 
formed after the animals had been exsanguinated, no extravasa- 
tion occurred to confuse the study. The collagenous connective 
tissue septums contained in all instances a variable but small 
amount of fluid. This material which stained faintly with acid 
dyes was found in the loose connective tissue of other fat deposits 
and in the orbital fat tissue of other species, including man. In- 
jection of large amounts of extract of liver and thymus gland did 
not affect the orbital fat tissue of 6 of the 9 treated animals. One 
animal seemed to have slightly more edematous material in the 
connective tissue than is seen normally, and 2 animals as much as 
in the animals in the series treated with pituitary extract. 

The orbital fat tissue of the guinea pigs treated with extract 
of the anterior lobe of the pituitary gland differed markedly from 
that of the control animals (Figs. 1 and 2). The fat cells which 
normally constitute the major portion of each section appeared 
reduced in the animals injected with pituitary extract because of 
an edematous infiltration which seemed in most cases to occupy 
nearly the entire section. The connective tissue fibers appeared 
to be divided and dispersed in the infiltration. The edematous 
fluid also penetrated between fat cells, although not in as marked 
a degree as between the connective tissue fibers. In many in- 
stances, however, instead of a solid mass of fat cells the edematous 
infiltration seemed to have scattered them so that they appeared 
to be floating freely in the infiltrating medium. 
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The edematous material stained deeply with aniline blue or 
eosin and did not give any staining reactions characteristic of 
amyloid or mucoid infiltration. Although the general appearance 
under low magnification was homogeneous, observation of the 
infiltrate with higher magnification revealed many minute acido- 
philic granules. Orbital fat and connective tissue, and extraocular 
muscles from several individuals who developed exophthalmos 
following thyroidectomy were found to be infiltrated with a ma- 
terial similar in all respects to that produced experimentally in 
similar tissues in the guinea pig. 

The relative amounts of this infiltrating material found, ex- 
pressed in arbitrary units, are shown in Table I. The valuations 
assigned were determined without reference to serial number of 
the animal and without knowledge of the treatment which had 
been given. 

Axillary Fat Tissue: Specimens were removed from the axilla 
at autopsy. Nearly the entire mass of fat tissue was taken so that 
the sections are representative of the whole. Tissue from this 
region in the control animals consisted of solid masses of fat cells 
irregularly divided by connective tissue septums. As in the orbital 
fat tissue, blood vessels and nerves were found in the sections, 
although the axillary fat tissue was less vascular than that found 
in the orbit, and much less connective tissue was present. Only 
7 of the 19 control animals showed small amounts of edematous 
material similar to that noted in the normal orbital connective 
tissue. Injections of thymus and liver extracts were apparently 
without effect on the axillary fat tissue in all instances. 

Fat tissue taken from the axillary region of exophthalmic 
guinea pigs treated with pituitary extract did not differ from that 
of the control animals. About one-third of the preparations re- 
vealed a small amount of edematous material in the connective 
tissue which in no instance was greater than that in the animals 
treated with extract of liver and thymus or in those that were 
uninjected. 

Cervical Fat Tissue: The specimens of cervical fat tissue were 
taken from the region lateral to the trachea, near the site of the 
thyroid gland, which had been removed at the beginning of the 
experiment. Normally, fat tissue from this region is intermediate 
between the axillary and orbital fat tissue in general histological 
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Taste I 


Relative Amount of Edematous Infiltration Found in Various Parts of the Body 


sumber | | | fattione | | fat tine | 
> Normal Uninjected Guinea Pigs 
646 2 + + + ° ° 
245 9 +++] ++ + 
246 2 ++ ° ° ° 
247 + +++ 
238 $ + ++ + 
Uninjected Thyroidectomized Guinea Pigs 
303 9 ++ ° + ° + 
304 $ ++ ° + ° 5 
305 ++ ° ° 
Thyroidectomized Guinea Pigs Injected with Liver Extract 
271 CF. ++++ ° +++ co) 
275 C.M. ° ° 
301 2 + ° ° ° ° 
Thyroidectomized Guinea Pigs Injected with Thymus Extract 
267 CF. ° ° 
268 +++ ° 
270 C.M. ++++ 
299 ++ ++ +++] 
300 2 + + +++ ° 
Thyroidectomized Guinea Pigs Treated with Extract of the Anterior Lobe of the Pituitary Gland 
199 ++++] + +++ | + ++ 
219 9 ++++] + +++] 0 +++ 
241 9 ++ ° ° ° ° 
261 ++++ ++ + 
262 CF. ++++ ° ° + 
263 CF. +44 ° ° ° 
273 + + ° +++ 
285 ++ + 
287 e ++++ ++ +++ ++ ++++ 
288 2 ++4+4 ° +4 ° ° 
289 ++ 
290 ++ 
291 g ++++] + + ° +++ 
292 2 ++++ 
295 +477} ++ ° 
297 3 ++++ ++ ° +++ 


++ and +++ = Intermediate degrees of infiltration. 
++++ = Extreme infiltration, the entire section being affected. 


o = A minute trace or no infiltration. 


+ = A little infiltration observed. 


All valuations were assigned without reference to serial numbers or treatment. 
C.F. = Castrated Female; C.M. = Castrated Male. 
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appearance. There is more connective tissue and vascularity 
present than is seen in the specimens from the axillary region but 
less than in those from the orbital area. The edematous material 
noted in the connective tissue of the axillary and orbital fat tissue 
was found in this series in 11 of the 18 guinea pigs studied. The 
amount was greater than that found in the axillary region and 
nearly as much as that found in the orbit. Injection of thymus and 
liver extracts did not affect its distribution or amount. 

Injection of extract of the anterior lobe of the pituitary had 
apparently little or no effect on the cervical fat tissue. Fifteen 
out of 19 animals exhibited a small amount of edema in the con- 
nective tissue bands, a slightly higher proportion than in the 
control animals, but in none of them was it more extensive than 
is seen normally (Figs. 3 and 4). 

Renal Fat Tissue: The mass of fat tissue partly surrounding 
and covering the peritoneal side of the kidney was the fourth fat 
deposit studied. Structurally it differed considerably from all the 
others. No nerves and very few blood vessels passed through it 
and the amount of connective tissue present was the least in all 
the specimens studied. Sections from the normal control animals 
revealed a solid mass of fat cells which were not divided into 
irregular lobules by connective tissue septums, as were those from 
the cervical and orbital regions. In only one instance did the 
normal and thyroidectomized control animals reveal any of the 
edematous material characteristic of normal tissues from the orbit, 
neck and axilla. Injections of thymus and liver extract did not 
modify this condition in any instance. 

The renal fat tissue from the exophthalmic animals treated with 
pituitary extract, however, was slightly affected. One-fourth of 
the specimens showed some accumulation of edematous infiltration 
in the connective tissue. In one instance this was sufficient to pene- 
trate and partially disperse some of the fat cells. In no instance, 
however, was the condition extreme, but the deviation in these 
animals from that seen in the highly consistent control animals 
was convincing. 

Ovarian Fat Tissue: The sections containing ovarian fat tissue 
differed from the other preparations because of the several differ- 
ent types of tissue present (Figs. 5 and 6). Each section passed 
through the ovary, fallopian tube and the uterus, and the mesen- 
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tery and fat tissue attached to them. The fat tissue was divided 
into lobules by septums and penetrated the connective tissue sup- 
port of the fallopian tubes. Many smooth muscle fibers were pres- 
ent in this region. The edematous material noted in other normal 
fat tissue was present, in a very small amount, in only one speci- 
men, and the ovarian fat tissue from the animals treated with 
liver extract revealed none of this infiltration. Fat tissue from 
this region of the guinea pigs treated with thymus extract was 
not studied. 

Ovarian fat tissue from 10 animals treated with pituitary ex- 
tract was studied. Six of these specimens contained considerable 
amounts of edematous material, all of them more than that in any 
control animal, and four contained large amounts of edematous 
material. The condition of 2 animals was judged as extreme as 
evidenced by the appearance of the orbital fat tissue. 

Ureteral Fat Tissue: Very few specimens of fat tissue from the 
ureters of male animals were examined. Normally they consisted 
of irregular lobules of fat tissue separated by septums of connec- 
tive tissue fibers. Some nerves and a few blood vessels penetrated 
this mass. The connective tissue from 1 of the uninjected animals 
contained a small amount of edema, such as was noted in other 
control animals, and a second specimen contained none (Fig. 7). 
No material was studied from animals injected with liver or 
thymus extract. 

Two specimens of fat tissue were taken from the ureters of 
male animals treated with extract of the anterior pituitary gland. 
Both specimens showed considerable edematous infiltration of the 
connective tissue. This edematous material penetrated through 
the connective tissue septums and to lesser degree throughout the 
fat cells, tending to isolate them (Fig. 8). The infiltrating mate- 
rial, although much less in amount than that in the orbit, pos- 
sessed the same staining characteristics and texture as the orbital 
and the other fat tissues. 


DISCUSSION 


The data shown in Table I demonstrate that the amount of 
edematous material found in the fat tissue studied not only varies 
widely in amount between the exophthalmic and the control series 
of animals, but also between the various fat deposits in the same 
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animals. If averages of the ratings for the control animals and 
those treated with pituitary extract are studied, this is very appar- 
ent (Table II). Normally the orbital fat tissue contains more 
edematous material than any of the other tissues, axillary fat 
tissue very little, and renal fat tissue none at all. In the exoph- 
thalmic animals, or those injected with pituitary extract, this re- 


Taste II 


Average Degree of Edematous Infiltration of the Fat Deposits in Control 
and Exophthalmic Animals 


Orbital Axillary Cervical Renal Ovarian Ureteral 
fat tissue | fat tissue | fat tissue | fat tissue | fat tissue | fat tissue 


Controls 1.9 0.6 1.38 0.05 O.1 0.5 
Exophthalmic 35 0.6 1.36 0.4 1.9 2.5 


aman ayy the average of + signs in their respective groups. Ureteral fat tissue values repre- 
lationship is preserved, the orbital fat tissue containing much more 
edematous infiltration. 

Injection of pituitary extract increases not only the degree of 
edema but also the percentage of instances in which it is found 
(Table III). It may be worthy of note that, with the exception 
of the orbital, only fat tissue in the peritoneal cavity was much 
affected by the injection of pituitary extract. 


Taste III 
Percentage of Specimens in which any Trace of Edematous Infiltration Was Found 


Orbital Axillary Cervical Renal Ovarian Ureteral 
fat tissue | fat tissue | fat tissue | fat tissue | fat tissue | fat tissue * 
% % %o % % %o 
Controls 100 36.8 61.1 0.05 14 50 
Exophthalmic 100 43.7 79 26.6 60 100 


* The figures on ureteral fat tissue are based on only 2 cases in each series of animals. 


The difference between the various fat tissues in their reaction to 
pituitary extract may be, in part, explained on a basis of structure. 
Orbital fat tissue, which exhibits the most extreme degree of 
edema in exophthalmos and which even shows traces of a similar 
material normally, contains many septums of loose connective 
tissue. It is in these bands of collagenous fibers that the edematous 
infiltration is first found and is most extensive. Renal fat tissue, 
which contains practically no connective tissue, is the least affected. 
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This structural feature may explain why endocrine products 
circulating generally seem to have a rather specific effect (edema 
of the orbital fat and connective tissue) on a widely distributed 
tissue. The present study indicates that the same process as that 
taking place in the orbit is occurring generally in peritoneal fat 
deposits. It is more extreme in the orbital region because of the 
structure of its fat tissue. Any swelling of the orbital fat tissue, 
particularly in man, where it fills most of the retrobulbar space, is 
immediately noticeable because of its effect on the protrusion of 
the eye, whereas a slighter degree of edema elsewhere would pass 
unnoticed. The degree of edema produced in fat tissue from the 
peritoneal cavity was too slight, relative to the weight of the entire 
mass, to affect the weight or appearance except microscopically. 

By histological study one can determine fairly accurately the 
location of the edematous infiltration in question but accurate 
quantitative data on the amount of water, fat and connective tis- 
sue cannot be ascertained. This can be done only by chemical 
analysis of the tissues in question. Such a study in its preliminary 
stages confirms the general observations reported here. 


CoNCLUSIONS 


1. The injection of extract of the anterior lobe of the pitui- 
tary gland produces exophthalmos and marked edema of the or- 
bital fat and connective tissue. 

2. Fat tissues in various parts of the body are also affected by 
the injections of anterior pituitary extract but to a lesser degree 
than that in the orbit. 

3. The difference in degree of edema produced in the orbit and 
that found in other fat tissue deposits may be due to the difference 
in structure of the orbital fat tissue. 

4. The edematous material found in the orbit appears to be 
identical in composition with that found elsewhere in the same 
animal. 
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DESCRIPTION OF PLATES 


PLATE 57 
All microphotographs were taken at a magnification of X 45. 


. Orbital fat tissue from a guinea pig (No. 275) injected with liver extract. 


. Orbital fat tissue from an exophthalmic guinea pig (No. 261) injected 
with pituitary extract. Note the marked edematous infiltration which 
disperses the connective tissue fibers and almost entirely replaces the 
fat cells. 


. Cervical fat tissue from an untreated thyroidectomized guinea pig (No. 
305). 


. Cervical fat tissue from an exophthalmic guinea pig (No. 287). This par- 


ticular specimen shows slightly more edematous infiltration than the 
average. 
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PLATE 57 


PLATE 58 


Ovarian fat tissue from an untreated thyroidectomized guinea pig (No. 
303). 

Ovarian fat tissue from an exophthalmic guinea pig (No. 294). Note the 
marked edema in the connective tissue and between the fat cells. Sec- 
tions of the fallopian tubes are seen. 


Fat tissue from the ureter of a normal male guinea pig (No. 238). 


Fat tissue from the ureter of an exophthalmic male guinea pig (No. 297) 
injected with pituitary extract. Compare with Figs. 2 and 6. 
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CEREBRAL VASCULAR DISEASE ACCOMPANYING 
SICKLE CELL ANEMIA * 


Wim H. Brocers, M.D. 


(From the Department of Pathology, Duke Hospital and Duke University School 
of Medicine, Durham, North Carolina) 


Patients with sickle cell anemia accompanied by cerebral vascu- 
lar accidents have been observed by several authors. 

Cook ' first reported a case of a negro boy aged 7 years who 
expired following sudden loss of consciousness. The autopsy 
showed subarachnoid hemorrhage associated with cerebral 
softening. 

Arena ” reported the case of a negro boy aged 6 years who had 
headache, vertigo, stupor and right hemiplegia. A footnote to this 
article cited a similar case observed in a negress aged 4 years. 
Arena mentioned personal communications from Sydenstricker 
and Cooley citing 3 other cases and suggested thrombosis of 
cerebral vessels as a possible cause of the neurological changes. 

Yater and Hansmann ®* reported a case of a negress aged 38 
years who had neurological manifestations. An autopsy showed 
recent diapedesis of red cells into the meninges over the right 
hemisphere, a small area of softening 1 cm. in diameter in the 
cortex of the left parietal region, and a uniformly shrunken, 
sclerosed choroid plexus with calcium encrustations. 

Ford * mentioned several negro children with dural sinus throm- 
bosis who had had sickle cell anemia. 

A case of a negro boy, aged 10 years, who had repeated symp- 
toms referable to the central nervous system with residual spas- 
ticity on the right side, was reported by Kampmeier.® 

Harden ° described vascular changes in the retina and extremely 
tortuous and thickened superficial temporal vessels in 2 negro 
children with sickle cell anemia. 

Arena‘ has also observed 4 negro boys, aged 4, 5, 6 and 10 
years, who showed neurological symptoms and signs and who had 
sickle cell anemia. 

In none of the cases thus far reported has an adequate descrip- 
tion of the actual condition of the cerebral vessels been recorded, 


* Received for publication January 19, 1939. 
353 


a 


354 BRIDGERS 


and no satisfactory account of the origin and nature of the cerebral 
clinical disturbances has been offered. 

The following account of the clinical and pathological study of 
2 cases of sickle cell anemia accompanied by cerebral vascular 
manifestations is recorded because of its contribution to the 
pathogenesis of the disorders of the central nervous system in 
sickle cell anemia and to the general problem of the pathology of 
the disease. 


CasE REPORTS 


CasE 1. Clinical History: A negress, aged 4 years, first entered the Duke 
Hospital on Feb. 8, 1934, with a history of paralysis of 3 weeks duration. At 
the onset of the attack the child suddenly became speechless and saliva 
drooled from her mouth, which drooped. Two weeks later the child lost the 
use of her right arm and leg. The family history was interesting in that 3 other 
siblings died with a similar condition. In 1 of these, sickle cell anemia had 
been diagnosed in our clinic. This sibling died at home after having been fol- 
lowed in the Duke Hospital Clinic. 

Physical Examination: The temperature was 37.5° C., pulse 100, respira- 
tions 26, and the blood pressure 105/65 mm. Hg. The child could neither 
walk nor speak, but could comprehend commands and questions. The tongue 
could not be protruded or moved from side to side. The spleen was palpable 
2 to 3 fingerbreadths below the costal margin. Paralysis, weakness, and spas- 
ticity of the right arm and leg were present. The reflexes were hyperactive 
throughout but more marked on the right side. The Babinski, Kernig and 
Brudzinski signs were all absent. A lumbar puncture showed no abnormality 
of the spinal fluid. 

Accessory Clinical Findings: A fresh blood smear showed 100 per cent sick- 
ling in 4 hours; the hemoglobin was 52 per cent (7.8 gm.) Sahli, and the white 
blood cells numbered 24,000. The indirect van den Bergh test was slightly 
positive (trace). The patient was discharged from the hospital with a diag- 
nosis of sickle cell anemia with cerebral thrombosis in the region of the left 
internal capsule. 

In an interval of 342 years, during which time the patient was followed in 
the Duke Pediatric Clinic, the use of the right arm and leg returned and speech 
returned almost to normal. The finer movements with the right hand, how- 
ever, such as writing, buttoning clothes or holding table silver, could not be 
performed. A residual limp and dragging of the right leg persisted. 

The patient was again admitted to the hospital 314 years later. Fifteen 
hours previous to the second admission she suddenly covered the frontal 
region of her head with her left hand and cried out that her head hurt. She 
immediately crumpled to the floor, respirations became labored, and both legs 
became paralyzed. Inability to speak followed. 

Physical Examination: The temperature was 39.0° C., pulse 120, respira- 
tions 38, and the blood pressure 150/100 mm. Hg. The child, now 7% years 
of age, was small and undernourished and lay unconscious in bed with mouth 
and eyes open, breathing rapidly and irregularly. The lungs were clear. A 
soft, blowing systolic murmur was heard over the entire precordium but best 
over the mitral area. The eyes moved aimlessly at times but tended toward 
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left horizontal deviation. The spleen was not palpable. Both arms were 
spastic, the right more so than the left. The left leg was flaccid. Supraorbital 
pressure caused purposeful movements with both arms, in an attempt to knock 
away the examiner’s hands, and the left leg became spastic. The tendon 
reflexes were hyperactive on both sides, more marked on the right. The 
abdominal reflexes were absent. The Kernig and the Babinski tests were 
positive bilaterally. A response to painful stimuli was present over the entire 
body. 

Accessory Clinical Findings: The hemoglobin was 40 per cent (6.7 gm.) 
Sahli, red blood cells 1,500,000, white blood cells 50,000, with polymorpho- 
nuclear leukocytes 94 per cent. Sickling was 25 per cent, immediate; 95 per 
cent in 24 hours. The urine contained albumin (4+) and 5 to 10 granular 
and cellular casts per high power field. The spinal fluid showed an initial 
pressure of 270 mm., was bloody, with a slight xanthochromia and contained 
30,000 red blood cells. The Wassermann and colloidal mastic tests were 
negative. 

The patient was restrained, placed in a dark room, and was given sedation 
with an infusion of 2.5 per cent glucose. At this time the temperature was 
105.8° F. No change followed and she expired quietly 15 hours later. 


Autopsy Report 


Macroscopic Examination: The heart was slightly dilated but 
not hypertrophied. The spleen (Fig. 5a and 5) weighed only 1.5 
gm. and measured 3.2 by 1.5 by 1 cm. It was triangular, covered 
with many adhesions, firm, wrinkled and grayish pink with a few 
small bluish areas scattered over the surface. The cut surface 
showed a thick capsule with prominent trabeculae and gray pulp 
with a few brown spots throughout. In one area a large reddish 
brown hemorrhage 1 cm. in diameter was present. 

When the dura was opened a large amount of fluid blood was 
evacuated. Both subdural and subarachnoid hemorrhages in the 
form of blood clots covered the brain (Fig. 8), the clots being 
more marked over the right optic tract, anterior portion of the 
cerebellum, right Sylvian fissure and right insula. An area of 
encephalomalacia involved the left Rolandic fissure, the left pos- 
terior end of the Sylvian fissure, the left superior temporal gyrus 
and the entire left frontal lobe. The gyri of the left frontal and 
occipital lobes appeared small in contrast with those of the right 
except for the right middle frontal convolutions which also ap- 
peared atrophic. The right middle cerebral artery was buried in 
a large fresh blood clot between the right frontal and right tem- 
poral lobes. A blood clot measuring 4 cm. in diameter (Fig. 9) 
was found in the region of the right insula at the level of the 
anterior commissure. 
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Sections of the medulla showed a marked difference in the size 
of the right and left pyramidal tracts (Fig. 6), the right tract being 
much smaller than the left. The left lateral ventricle was greatly 
dilated (Fig. 9), being two to three times the size of the right. 

The diameter of the middle cerebral arteries was smaller where 
they branched from the internal carotids, at the circle of Willis, 
than in the distal portions. 

Microscopic Examination: Many sickled erythrocytes were seen 
in a preparation of heart’s blood in normal saline at the time of 
autopsy. 

The splenic structures were distorted, with a predominance of 
connective tissue, especially at the periphery where the capsule 
was wrinkled and provided with many hyaline infoldings (Fig. 1). 
The cells of the pulp consisted mainly of irregularly shaped 
lymphocytes, plasma cells and sickle shaped erythrocytes. 
Throughout the connective tissue there could be seen large de- 
posits of iron and calcium, some being in the form of rings 
(Fig. 1), the latter under oil immersion appearing irregular and 
fragmented. The splenic vessels (Fig. 2) showed intimal pro- 
liferation, disrupted internal elastic lamina with iron and calcium 
deposits, fragmented muscular coats with pyknotic nuclei, hyaline 
walls with necrotic areas, and a few perivascular hemorrhages. 
One large hemorrhage contained pale staining sickle shaped 
erythrocytes, fibroblasts and minute deposits of iron pigment. 
The lumens of many vessels were nearly obliterated by periarterial 
fibrosis and intimal proliferation. Typical malpighian corpuscles 
were not noted. 

The cerebral vessels showed endarteritis and, in several in- 
stances (Figs. 3 and 4), obliteration of the lumen with endothelial 
proliferation, fibroblastic reaction and hyalinization, occasional 
loss of internal elastic lamina, and fragmentation of the persistent 
internal elastic lamina with iron deposits. A few inflammatory 
cells were seen in the intima, media and adventitia. Perivascular 
hemorrhages and necrosis of the muscle layers with pyknosis and 
fragmentation were also present. No cholesterol crystals were 
noted and the elastic lamina showed thickening but no splitting, 
as described by Tuthill.* The lumens of the right middle cerebral 
artery and left ascending branch of the left middle cerebral artery 
were completely obliterated; other vessels with partial oblitera- 
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tion were the left middle cerebral, and right and left anterior 
cerebral arteries. The left internal carotid artery showed only 
breaks in the internal elastic lamina but no intimal thickening. 

The brain contained many areas of focal necrosis usually as- 
sociated with perivascular hemorrhages. Almost complete de- 
generation was found throughout the left frontal cortex and left 
pyramidal tract above the decussation. No proliferation of endo- 
thelium was noted in the minute vessels of the brain substance. 
The large blood clot in the region of the right insula was carefully 
dissected for possible aneurysm but none was found. Serial sec- 
tions of the small vessels showed only complete breaks in the walls 
without inflammatory reaction or necrosis. 

No abnormality of the aorta was noted, nor had any been noted 
grossly. 

Capillary engorgement with sickled erythrocytes was a promi- 
nent feature in the organs studied. 

Anatomical Diagnoses: History of sickle cell anemia and two 
cerebral accidents. Sickle cell anemia with calcification and iron 
pigmentation of blood vessels; extensive endarteritis obliterans of 
splenic and cerebral arteries; siderofibrosis of spleen; anemic 
infarct of left cerebrum; subarachnoid and subdural hemorrhage; 
and congestion of lungs with pleural adhesions. 


CAsE 2. Clinical History: A 62 year old negress was admitted to the Duke 
Hospital on August 10, 1936. She had been married 30 years and had had 5 
pregnancies with 5 healthy children. The patient had had severe parietal 
headaches at fortnightly intervals. In her early forties she was committed to 
an institution for a year or more because of some mental aberration. Her 
recovery apparently had been complete. 

About 3 or 4 days prior to admission to the hospital she did not appear 
well although there was no specific complaint. Two days prior to admission 
she suffered severe pain in the lower back, abdomen and legs. She consulted 
her physician who found her temperature to be 100° F., the blood pressure 
94/60 mm. Hg., and the pulse quite rapid. “Drops” were prescribed for the 
heart condition and another medicine of unknown composition was also pre- 
scribed. The patient complained less of pain and, at the same time, grew less 
communicative. During the following 12 hours she became unresponsive and 
was admitt2d to the hospital. 

Physical Examination: The temperature was 38.8° C., pulse 108, respira- 
tions 24, and the blood pressure 80/60 mm. Hg. The patient was poorly 
developed and undernourished, and lay quietly in bed except for purposeless 
movements of the extremities. The chest was slightly increased in the an- 
terior-posterior diameter. The lungs showed hyperresonance to percussion and 
the breath sounds were distant. Atelectatic rales were heard. The heart was 
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not enlarged and the spleen was not palpable. Moderate thickening of the 
peripheral vessels was noted. Neurological examination showed definite lower 
left facial weakness and hyperactive tendon reflexes. The abdominal reflexes 
were absent and a questionably positive Babinski’s sign was present on the 
left side. 

Accessory Clinical Findings: The hemoglobin was 58 per cent (9 gm.) 
Sahli, red blood cells 3,000,000, white blood cells 10,600 with 89 per cent 
polymorphonuclear leukocytes. The Wassermann and Kahn tests were nega- 
tive. The plasma non-protein nitrogen was 61 mg. per cent. The urine showed 
a slight trace of albumin and gave a positive benzidine test. A lumbar punc- 
ture disclosed normal dynamics and clear spinal fluid which was negative for 
blood and globulin. A spinal fluid Wassermann test was negative. Roentgeno- 
gram of the chest showed the lungs to be clear. One sickle cell preparation 
was reported to be negative. 

The patient became stuporous and finally comatose. Fever, pulse and 
respirations increased and incontinence of urine and feces developed. A white 
blood cell count at this time was 42,000. Treatment was mainly supportive. 
The patient expired quietly on the 3rd hospital day. 


Autopsy Report 


Macroscopic Examination: The spleen weighed 250 gm., and 
measured 14 by 10 by 5 cm. It was covered with many adhesions 
and on section the pulp was red and extensive areas of infarction 
were present. One area of necrosis extended from the capsule 
through the entire diameter of the organ. The large blood vessels 
at the hilum showed no thrombi. 

Minute hemorrhages were present in the subendocardium of 
the heart. Chronic passive congestion with central atrophy was 
noted in the liver. The aorta showed slight thickening of the 
intima. 

The brain contained numerous minute hemorrhages (Fig. 7) 
from 1 to 2 mm. in diameter throughout both white and gray mat- 
ter. Many softened areas were present about the hemorrhages. 
The blood vessels showed no abnormalities. 

Microscopic Examination: Sickling of the erythrocytes was 
noted in a preparation made from freshly scraped splenic pulp. 

The brain showed many large areas of focal necrosis, some of 
which were apparently unrelated to hemorrhage. Associated with 
the numerous hemorrhages in the brain substance were peculiar 
hyaline bodies resembling masses of fluid and blood cells within 
greatly congested capillaries. These bodies appeared somewhat 
like cells that had undergone extensive hyalinization. Similar 
hyaline bodies were seen in the infarcted areas of the splenic 
tissue. 
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The organs in general showed capillary engorgement with 
sickled erythrocytes. 

Anatomical Diagnoses: Sickle cell anemia; hemorrhagic splenic 
infarct; extensive focal hemorrhages in the lungs and heart, and 
especially the brain; lobular pneumonia; uterine polyp; and old 
fibrous pleural adhesions. 


DIscussIon 


Obliterative vascular changes and thrombosis in the spleen are 
definitely known to be a part of the pathological changes noted in 
sickle cell anemia. This has been described particularly in the 
vessels of the spleen by Diggs.® 

In our 1st case the alterations of the cerebral and splenic blood 
vessels are similar. The blood vessels in the brain and spleen show 
perivascular hemorrhages, hyalinization of the media, and pro- 
liferation of the intima with occasional complete obliteration of 
the lumen and disruption of the internal elastic lamina, the latter 
containing iron and calcium deposits. This suggests the possibility 
that the cerebral and splenic vessels are injured by the same etio- 
logical agent. 

The changes in the cerebral vessels in our 1st case were similar 
to those described by Winkelman and Eckel ”® in infectious dis- 
eases of infancy and childhood in that there were present sub- 
intimal proliferation with thickening and secondary degeneration 
of the intima, disruption of the elastic lamina, mild inflammatory 
reaction in the media and gradual disappearance of the muscle 
fibers with replacement by connective tissue. In addition, de- 
posits of iron and calcium were found in the internal elastic lamina. 

The splenic changes represent those found in siderofibrosis of 
the spleen which has been described and discussed by Diggs.? He 
states that the size of the spleen decreases, depending on the 
diminished vascularity of the organ, organization of hemorrhages 
and infarctions, and the replacement of the residual pulp by 
fibrous tissue. 

In studying 3 spleens from cases of sickle cell anemia, frequent 
encrustations of iron and calcium in the form of rings throughout 
the fibrosed splenic pulp have been noted. This seems very likely 
to be the end result of fibrosis and degeneration of splenic vessels. 

The sickled erythrocytes were easily demonstrated in unfixed 
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scrapings and in both Zenker and formalin-fixed tissues. The most 
characteristic sickled cells were narrow pointed rods and elliptical 
shaped cells, as mentioned by Diggs and Ching.” In studying the 
organs removed from negroes who had no history of symptoms of 
sickle cell anemia such pointed or elliptical shaped erythrocytes 
were not found in either Zenker or formalin-fixed tissues. There 
was an alteration in the shape of the erythrocytes, however, which 
consisted of decrease in size and some change in shape, oat or 
crescent, of the cells. No pointed rods were found. 


SUMMARY AND CONCLUSIONS 


1. A study of 2 cases of sickle cell anemia (1 in an adult and 
1 in a child) has shown that the disorder may first become mani- 
fest through the appearance of signs and symptoms indicative of 
cerebral vascular disease. The clinical features in such cases lead 
to the diagnosis of either cerebral vascular thrombosis or intra- 
cranial hemorrhages. 

2. The pathological changes seen in 1 of the cases establish the 
fact that in sickle cell anemia the large subarachnoid cerebral 
arteries may undergo gradual obliteration with final complete 
closure through the operation of a process identical with that 
which results in occlusion of the splenic arteries. This process is 
one of endarterial intimal proliferation and not of thrombosis. 

3. In a 2nd case the autopsy showed that another vascular 
process, quite different from endarterial intimal proliferation, also 
occurs in sickle cell anemia. This process develops in connection 
with the small intracerebral vessels and may result in multiple 
focal necroses and hemorrhages in the brain, in contrast with the 
large infarcts that characterize the proliferative obstructive proc- 
ess in the larger arteries. The nature of this second process is 
not clear. 
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DESCRIPTION OF PLATES 


PLATE 59 


Fic. 1. Microphotograph of spleen showing encrustations of iron and calcium, 
the former being in the form of rings, with diminished splenic pulp and 
increased connective tissue. 


Fic. 2. A splenic vessel showing fragmented elastic lamina, proliferation of 
the intima and perivascular hemorrhage. 


Fic. 3. Cross section of left middle cerebral artery showing partial occlusion 
and fragmented elastic lamina. 


Fic. 4. High power of inset (Fig. 3) showing fragmented internal elastic 


lamina with iron encrustations. 
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PLATE 60 


. 5a. Spleen showing siderofibrotic changes with marked wrinkling of the 
capsule. 


. 5b. Section of spleen showing large area of hemorrhage and greatly 
scarred pulp. 


. 6. Microphotograph of a section of the medulla showing marked differ- 
ence in size of the right and left pyramidal tracts, the former being 
markedly degenerated. 


. 7. Cross section of adult brain showing multiple petechial hemorrhages 
throughout. 
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PLATE 61 


Fic. 8. Case 1. Inferior surface of brain showing subarachnoid hemorrhage 
in the form of a blood clot with inequality in the size of the frontal lobes. 


Fic. 9. Case 1. Cross section of posterior aspect of brain showing marked 
atrophy of left cerebral cortex, dilated ventricles, petechial hemorrhages 
and a large hemorrhage in the right hemisphere. 
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PATHOLOCICAL CHANGES FOLLOWING THERAPEUTIC . 
HYPERTHERMIA * 


REPORT OF A CASE 


Louis M.D. 
(From the Laboratory Division, Hospital for Joint Diseases, New York City) 


In view of the current vogue that therapeutic hyperthermia 
enjoys for a wide variety of ailments, it is appropriate to take 
stock of the more serious complications that may follow its use 
even under proper management as a hospital procedure and with 
careful selection of patients. In a preliminary survey * of hyper- 
pyrexia produced by physical agents, the Council on Physical 
Therapy of the American Medical Association stated in 1934 that 
29 deaths following fever treatment had been reported by physical 
therapists in response to its questionnaire. Since then at least 16 
additional fatalities have been reported.2** Moreover, there is 
good reason to believe that there have been a considerable number 
of other fatal accidents which for one reason or another have not 
been recorded in the current literature. Although it is in only a 
few of these cases that complete autopsies have been performed, 
sufficient data have accumulated to permit a satisfactory discus- 
sion of at least the morbid anatomical changes that may result 
from fever therapy, by whatever physical means induced. While 
there appears to be considerable variation in the changes ob- 
served in individual cases, certain structures, notably the brain, 
liver and blood vessels, seem particularly susceptible to injury of 
a type to be described presently, and with sufficient frequency to 
be regarded as characteristic. 

The writer has had occasion to perform an autopsy on a patient 
who developed uncontrollable hyperpyrexia (109° F.), coma, and 
respiratory failure in the course of the third of a series of hyper- 
thermia treatments for infectious arthritis of the fingers. The 
patient died approximately 35 hours after fever was initiated. 
The method of inducing hyperthermia was that of hot bath fol- 
lowed by blanket pack. The clinical course will be related in some 


* Received for publication February 17, 1939. 
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detail, not only because it is dramatic but because it is essential 
to the interpretation of the pathological changes that ensued. The 
fact that the patient was a comparatively young man of good 
general physique and in good health, except for the arthritis, 
makes it possible to ascribe the pathological changes observed to 
the hyperthermia per se. The changes found at autopsy are of 
particular interest, furthermore, in that they demonstrate certain 
interesting vascular lesions occurring in the brain, kidneys and 
spleen, hitherto undescribed in connection with fatalities follow- 
ing fever therapy. 
REportT oF CASE * 


Clinical History: The patient, a white male 36 years of age, robust of build 
and in good general health, was admitted to the Hospital for Joint Diseases on 
Sept. 25, 1936, in order to receive fever therapy for infectious arthritis of the 
fingers of undetermined etiology. He had had 2 previous treatments for the 
same complaint without ill effect and with some symptomatic improvement. 
The method of inducing hyperthermia was that of hot bath followed by blanket 
pack. The physical examination done before treatment was essentially nega- 
tive except for the arthritis. The blood pressure was 112 systolic, 80 diastolic. 

Fever treatment using bath and blanket pack was begun at 1 P.M., the 
temperature being raised from 97.8° F. (initial) to 105.2° F., by mouth, 
within 35 minutes. The patient’s pulse varied from 134 to 148, and the tem- 
perature fluctuated between 104.6° F. and 105° F. for the next 4 hours. One 
4 grain dose of morphine was given at 1.45 P.M. and this was repeated at 
5.30 P.M. because of excessive excitement. At 6.15 p.m. the temperature sud- 
denly rose to 106° F. (pulse 138). At 6.30 P.M., with the temperature still 
at 106° F., the patient was uncovered to expose both shoulders, but the tem- 
perature nevertheless continued to rise steadily to 107.4° F. within the next 
15 minutes. Treatment was stopped immediately; the patient was rapidly 
unpacked and received coramine hypodermically by way of stimulation. The 
temperature dropped to 106.2° F. but again rose promptly to 107° F. (pulse 
168) and despite cool sponging continued to climb to 109° F. (rectal). An 
ampule of sodiocaffeine benzoate was administered intravenously. At 7 P.M. 
the patient lapsed into unconsciousness and his pulse was rapid. By 7.25 P.M., 
after a cool enema containing 30 grains of aspirin, the temperature dropped 
sharply to 100° F. (rectal). At 7.35 p.m. the temperature again rose to 
104.4° F. (rectal). At 8 p.m. an intravenous hyperdermoclysis of normal 
saline was begun. The temperature fluctuated between 100° F. and 105° F. 
during the next 2 hours. Caffeine and coramine were again administered. The 
patient vomited about 8 ounces of dark brown material. A Levine tube was 
passed to evacuate the stomach and gastric lavage was instituted with 5 per 
cent sodium bicarbonate. At 10.35 P.M. the patient’s respirations stopped but 
he responded to artificial respiration. The patient again received caffeine and 
coramine intravenously, intracardiac injection of adrenalin, and also oxygen 
and carbon dioxide by nasal catheter. 


* The writer wishes to express his indebtedness to Dr. M. Dinnerstein for per- 
mission to include the clinical data in this case. 
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With the aid of these emergency supportive measures, the patient lasted 
through the night. At 5 a.m. the next morning, with the patient in an oxygen 
tent and still comatose, clonic twitchings of the left lower extremity were 
observed and it was noted that he had a right hemiplegia, including the face, 
of flaccid type. At 10 A.M. that morning he was seen by a neurological con- 
sultant, who tapped about 20 cc. of spinal fluid under increased pressure. 
Laboratory examination of this fluid showed increased globulin content and a 
cell count of 14 white blood cells and g red blood cells per cmm. The spinal 
fluid Wassermann was negative. The urine specimen at this time contained 
albumin (+++), casts, leukocytes, and an occasional red cell. 

Despite repeated stimulation with coramine, adrenalin, digitalis and caffeine, 
the patient remained stuporous and finally expired at 12.20 a.m. (Sept. 27, 
1936), 35 hours after hyperthermia was started and approximately 29 hours 
after the onset of coma and collapse. 


PosTMORTEM EXAMINATION 


Autopsy was performed 2 hours after death. The body was 
that of a robust, well developed adult white male. The body was 
still warm and rigor mortis had not yet set in. External examina- 
tion did not reveal any obvious swellings of the finger joints. 
There was marked purplish mottling of the face and trunk, and 
considerable postmortem lividity. No jaundice or edema was 
noted. 

The panniculus adiposus was moderately thick. The peritoneal 
surfaces were everywhere smooth and glistening, except for some 
fibrous bands extending from the cecum to the anterior abdominal 
wall at the site of an old appendectomy scar. The intestines 
showed no distention whatsoever and no evidence of hemorrhage. 
The diaphragm on the left side appeared to be somewhat elevated, 
apparently in consequence of gastric dilatation. 

There was no fluid in the pleural cavities. The upper lobes of 
the lungs felt hypercrepitant, while the lower lobes, particularly 
the left, showed large purplish areas of atelectasis. On section the 
lungs had a mottled, dark reddish purple appearance and exuded 
an inordinately large amount of venous blood. There was no 
gross evidence of bronchopneumonia, although the bronchi were 
somewhat congested and contained frothy pinkish fluid. The pul- 
monary arteries and veins appeared normal. 

The pericardium contained a small amount of clear fluid. The 
heart showed slight enlargement due to dilatation of its chambers. 
The valves showed nothing unusual except for occasional lipoid 
plaques. The myocardium was firm and dark red in color. There 
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were a few subendocardial petechial hemorrhages in the left ven- 
tricle. The ostia and lumens of the coronary arteries were widely 
patent. 

The liver was slightly enlarged, soft and smooth, and was a 
yellowish brown color. On section the lobular architecture was 
found clearly outlined. Scattered throughout the liver were small, 
focal yellowish areas which appeared to be fat, but which were 
nevertheless somewhat suggestive of focal areas of necrosis. The 
gall bladder was slightly distended. The bile ducts and portal 
veins showed nothing noteworthy. 

The spleen was soft and somewhat enlarged. There was a cir- 
cumscribed, slightly elevated subcapsular area of infarction, 
about 2 cm. in diameter, on its medial aspect. The splenic pulp 
had a dark red appearance and could not be scraped away easily. 
The malpighian follicles were quite distinct. 

The pancreas showed nothing noteworthy. 

The adrenals were of average size. They presented a yellow 
lipoid cortex and some autolysis of the medulla. 

The kidneys were of normal size and their capsules stripped 
with ease revealing smooth, slightly lobulated reddish surfaces. 
The latter showed several dark red mottled areas, about 1 cm. in 
diameter, which on section appeared to be fresh infarcts. The 
cortex and medulla had indistinct markings. The ureters and 
urinary bladder presented nothing unusual. The prostate was 
small and on section showed no evidence of inflammation. 

The stomach was moderately distended and contained turbid 
dark fluid. The gastric mucosa was markedly congested and re- 
vealed a few petechial hemorrhages but no gross evidence of 
gastritis. The duodenum was not unusual in appearance. The 
remainder of the gastro-intestinal tract presented nothing strik- 
ing, 7.e. no evidence of ulceration, necrosis or hemorrhage. 

On removal of the calvarium the brain was noted to be volumi- 
nous and quite heavy. The inner aspect of the dura had a thick- 
ened, reddish hemorrhagic appearance. The sulci of the cerebral 
cortex were somewhat flattened and the surface of the hemispheres 
showed intense venous engorgement and considerable edema. 
There were also several superficial reddish areas of hemorrhage, 
about 1 to 2 cm. in diameter, noted beneath the pia. 

The cortex of the cerebral hemispheres was edematous, quite 
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soft and friable. Section of the brain revealed innumerable focal 
punctate hemorrhages distributed throughout the gray matter of 
the cortex. These were sharply limited to the cortical gray matter 
and were most prominent in the depths of the sulci (Fig. 1). They 
frequently involved several contiguous sulci, but on the whole 
their distribution was distinctly patchy. The punctate hemor- 
rhages were more extensive in the left hemisphere than in the 
right. Microscopic sections indicated that most of the hemorrhagic 
areas still contained well preserved red cells, but in places one 
could observe beginning laking with blood pigment deposits 
(Fig. 2). There were no hemorrhagic lesions in the white matter 
of the hemispheres. In the left internal capsule, however, there 
was an irregular area of hemorrhage and softening approximately 
1 to 2 cm. in diameter (Fig. 4). The pons, medulla and cerebellum 
were sectioned serially, but no evidence of hemorrhage, softening 
or conspicuous edema was observed. The spinal cord could not 
be examined. 

Anatomical Diagnoses: Status (35 hours) after therapeutic 
hyperthermia for arthritis: multiple punctate hemorrhages in 
gray matter of cerebral cortex; hemorrhage in left internal cap- 
sule; thrombosis of venules and capillaries in cerebral cortex and 
internal capsule; cerebral congestion and edema; focal necrosis 
of interlobular arteries of kidneys and splenic artery branches; 
infarcts of kidneys and spleen; severe hepatic degeneration and 
edema; subpleural and subendocardial petechial hemorrhages; 
pulmonary congestion, hemorrhage and edema; and partial atelec- 
tasis of the lower lobes of both lungs. 

Microscopic sections confirmed the gross changes as outlined 
in the anatomical diagnoses. The significant histological observa- 
tions will be indicated in connection with the ensuing discussion. 


DISCUSSION 


The following discussion of the anatomical changes occurring 
after therapeutic hyperthermia is based largely on the present 
writer’s own observations, but also on the information afforded by 
9 autopsies reported within the past few years. These published 
autopsy reports ?+-®-® 11,12 have, in most. instances, been pre- 
sented briefly, often without important details or illustrative 
microphotographs, but they serve nevertheless to indicate in a 
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general way the principal complications and sequelae of thera- 
peutic hyperpyrexia. 

Pathological Changes in the Brain: It is usually in the brain that 
the most extensive and consequential damage is encountered after 
therapeutic hyperthermia. To judge by the recorded fatalities, 
cerebral edema and conspicuous congestion of the meningeal 
vessels are constantly present. In our case also, the brain was 
swollen and quite heavy and the surface of the hemispheres showed 
intense venous engorgement. There was also a pressure conus of 
the cerebellum. 

Another frequent observation is meningeal hemorrhage, which 
seems to be attributable to extreme venous and capillary vaso- 
dilatation. Specifically, rupture of engorged venules probably 
occurs, with consequent perivascular hemorrhages. Thus, the 
inner aspect of the dura may have a thickened, diffusely hemor- 
rhagic appearance, or on the other hand, the subdural hemorrhages 
may be less prominent and focal in distribution. Small extravasa- 
tions of blood beneath the arachnoid and pia mater have also been 
noted. Equally conspicuous and of greater significance is the 
presence in our case of innumerable punctate hemorrhages, irregu- 
larly distributed throughout the gray matter of the cerebral cortex, 
as illustrated in Figure 1. Microscopic examination shows most 
of these extravasations of blood to be situated around congested 
venules and capillaries. Perivascular hemorrhages have also been 
described *:** in the basal ganglia and in the cerebellum. More- 
over, hemorrhage and softening may occur in the internal capsule 
(explaining the development of hemiplegia) as in the case 
reported here. Histological examination of sections of the hemor- 
rhagic portion of the internal capsule reveals numerous peri- 
vascular blood extravasations, many of which are limited to the 
Virchow-Robin spaces while others appear to be somewhat more 
extensive (Fig. 4). 

Associated with these hemorrhagic phenomena there is pro- 
nounced cellular degeneration and even necrobiosis in the gray 
matter of the cerebral cortex. Microscopically the nerve cells of 
the more hemorrhagic portions of the cortex (Fig. 2), in contrast 
with the relatively well preserved zones (Fig. 3), show consider- 
able alteration. Some nerve cells reveal ischemic changes, while 
others are shrunken and deeply pigmented. Indeed, many cells 
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have completely disappeared, leaving wide bands of necrobiosis 
which terminate more or less abruptly where the preserved cortex 
begins again. In connection with the shrinkage of cerebral cortical 
cells after hyperthermia there is, as Yannet and Darrow ** have 
shown, a loss of intracellular fluid into the extracellular tissue, 
resulting in increased concentration of intracellular electrolytes. 

Furthermore, there were vascular lesions in our case within the 
hemorrhagic portions of the cerebral cortex and internal capsule, 
which in themselves are of considerable interest. Microscopic 
examination of sections of the affected portions of the cortical 
gray matter reveals a number of thrombosed venules which show 
evidence of severe injury, if not actual partial necrosis of their 
walls, as indicated by loss of normal structure and continuity, as 
well as by intramural and perivascular infiltration with polymor- 
phonuclear leukocytes. The lumen of the venule shown in the 
accompanying microphotograph (Fig. 5) is partially filled with 
homogeneous material possessing the staining properties of fibrin. 
Numerous small venules and capillaries in the hemorrhagic area 
of the internal capsule reveal similar evidence of injury. In view 
of the intramural leukocytic reaction, these vascular lesions must 
be regarded as occurring ante mortem. However, they cannot be 
held entirely responsible for the cellular changes in the cortical 
gray matter, since fairly extensive necrobiosis of cortical nerve 
cells has been noted following therapeutic hyperthermia without 
the presence of fibrin thrombi in venules. 

The presence of conspicuous hemorrhages in one or another 
part of the brain has led some observers to describe the condition 
of this organ erroneously as a hemorrhagic encephalitis. The use 
of the term encephalitis in this connection is inaccurate, since 
microscopic examination does not disclose any evidence of inflam- 
mation associated with the hemorrhages. Our knowledge of the 
subject would be more enhanced if, in the future, the actual 
pathological changes in the brain in any given instance were de- 
scribed objectively in some detail, rather than an attempt made, 
for the sake of convenience, to pigeonhole them in a category to 
which they do not belong. 

In our case a history was elicited of an alcoholic excess prior to 
hyperthermia treatment, and that naturally raises the question of 
the possible contributory réle of alcohol in the production of 
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cerebral injury following hyperpyrexia. This possible association 
is further suggested by the observation, well known in large 
municipal hospitals, that heat stroke is prone to develop in mod- 
erate or heavy drinkers. Of course, alcoholism per se does not 
give rise to the cerebral lesions described in the case reported here. 
However, chronic alcoholism is known ** to be capable of produc- 
ing cerebral edema, degeneration of cortical ganglion cells, and 
endothelial injury sometimes resulting in petechial hemorrhages 
in the dura and in the midbrain. Acute alcoholic intoxication may 
likewise cause cerebral edema and also marked vasodilatation. 
It seems justifiable therefore to add alcoholism to the list of more 
obvious contra-indications which make artificial fever therapy 
hazardous: namely, advanced age or marked debility, cardio- 
vascular disease, renal insufficiency, tuberculosis, diabetes, and 
so on. Furthermore, it seems a reasonable precaution to advise 
patients receiving a course of hyperthermia treatments to refrain 
from alcoholic indulgence during the interval preceding each 
treatment. 

Vascular Lesions in Other Organs: In addition to the vascular 
lesions described in the brain there were also changes in the kid- 
neys and in the spleen. Such lesions have apparently not been 
observed by others who have dealt with the question of the 
pathological changes in these cases. In both kidneys in our case 
there were multiple, subcapsular, wedge-shaped areas of necrosis, 
and in the spleen there was a similar area of necrosis. These were 
indistinguishable from infarcts with respect to location, shape and 
general appearance, and were not to be confused with the focal 
areas of toxic necrosis that may occur in the kidneys and other 
viscera, after severe burns for example. The latter areas are usu- 
ally irregular in outline, smaller in size, not necessarily peripheral, 
and have a random distribution without reference to vascular sup- 
ply. The necroses were apparently not due to embolization, nor 
was any possible source for emboli found in the heart, aorta or 
arterial system. Furthermore, the foramen ovale was closed. The 
blood vessels of the kidneys and spleen moreover showed no evi- 
dence of previous thrombosis. 

The natural inference therefore is that the renal and splenic 
infarcts were the result of focal necrosis of interlobular arteries 
and splenic artery branches respectively. Indeed, that is what was 
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indicated by the histological sections. Figure 6 (inset) shows a 
necrotic interlobular artery in the vicinity of one of the renal 
infarcts. The wall of this artery, higher magnification of which 
is shown in Figure 7, was necrotic and infiltrated by polymorpho- 
nuclear leukocytes. Within its lumen there were irregular aggre- 
gates of homogeneous, reddish staining material resembling fibrin 
and agglutinated erythrocytes. The artery shown in the illustra- 
tion is probably too small to account for the renal infarct, but it 
illustrates the type of arterial lesion that must have developed in 
renal arteries of somewhat larger caliber. Sections of the spleen 
showed a number of similarly necrotic small splenic artery 
branches in the vicinity of the infarct. Weigert and Van Gieson 
stains of affected arteries demonstrated disappearance and dis- 
ruption of the elastica and collagen fibers. Examination of the 
pulmonary arteries showed focal areas of altered staining with 
occasional polymorphonuclear leukocytes within their walls, which 
suggested vascular injury similar to that observed in the brain, 
kidneys and spleen, but of lesser extent. 

Damage to Liver: Of all the pathological changes observed in 
fatalities following therapeutic hyperthermia, damage to the liver 
is secondary in importance only to the injury to the brain. Histo- 
logical evidence of degeneration of varying degree in the liver 
appears to be frequent. In connection with the more severe re- 
actions necrosis may develop, and indeed this was noted in 4 * * '” 
of the 6 reported fatalities in which the status of the liver was 
mentioned. Also in the case herein described the liver cells showed 
microscopically extensive vacuolization and hyaline droplet de- 
generation (Fig. 8). Areas of necrobiosis were likewise present, 
as evidenced by pyknosis and disappearance of nuclei, with efface- 
ment of cytoplasmic detail. A sudan III stain for fat showed the 
liver cells to contain numerous fat droplets. In addition to these 
degenerative changes there was also hepatic edema, as indicated 
by separation of the sinusoidal walls from the liver cell cords in 
many places and the presence of granular material within these 
pericapillary spaces. 

That damage to the liver may also occur in non-fatal reactions 
to therapeutic hyperthermia is indicated by the reports of jaun- 
dice ® 1°. 1® developing as a complication of treatment. Warren and 
and coworkers,’® for example, noted the appearance of jaundice 
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after prolonged fever therapy in 7 patients. One may reasonably 
inquire whether some of these individuals may not subsequently 
develop nodular cirrhosis of the liver, but that question cannot 
as yet be answered. 

Pulmonary Changes. The usual anatomical changes in the lungs 
after fatal reactions to therapeutic hyperthermia are marked con- 
gestion, edema and alveolar hemorrhage. These changes were 
noted in most of the available reports in which the lungs were 
described histologically. In our case, too, microscopic examina- 
tion showed extreme engorgement of the pulmonary arteries and 
alveolar capillaries, as well as extravasation of blood into the 
alveoli, apparently as a result of capillary rupture. These findings 
are apt to be more pronounced in the lower lobes, where hypostasis 
also favors development of partial atelectasis. In patients who 
survive for several days or more bronchopneumonia tends to 
develop in the hemorrhagic areas. 

Changes in the Suprarenal Glands: The published reports of 
hyperthermia fatalities in which the status of the adrenals is given 
do not indicate that there is any significant injury to the supra- 
renal glands. Also in the case reported here there were no striking 
histological changes. It should be mentioned, however, that hemor- 
rhage into the suprarenals has been noted ? and that degenerative 
changes in the adrenal cortex have been described.”:® The latter, 
however, have not been clearly distinguished from postmortem 
changes, which may proceed rapidly in the suprarenal glands after 
febrile states. 

Pathological Changes in Other Organs: To complete this résumé 
of the pathological changes following therapeutic hyperthermia, 
the changes noted in the other organs will be briefly mentioned. 
The heart often shows epicardial or endocardial petechial hemor- 
rhages. The kidneys may show hyaline droplet degeneration of 
the epithelium of the convoluted tubules, hyaline tubular casts, 
and conspicuous congestion of the glomerular tufts. The spleen 
in the case reported here showed, microscopically, intense hyper- 
emia of the pulp and fibrin thrombi within pulp venules. In the 
gastro-intestinal tract dilatation of the stomach as weli as conges- 
tion and petechial hemorrhages of the gastric mucosa were noted. 
Hemorrhages in the jejunum and ileum have also been described.’ 
Severe gastro-intestinal hemorrhage has been observed in a patient 


| 


CHANGES FOLLOWING THERAPEUTIC HYPERTHERMIA 373 


who died of acute necrosis of the liver following therapeutic 
hyperthermia.’” 

It should be pointed out that the extent and distribution of the 
pathological changes in any given instance depend not only on the 
severity of the injury, but also on the length of the survival period. 
For example, the histological changes described in the brain take 
more than a few hours to develop. Moreover, if the cerebral insult 
is so great that it leads rapidly to fatal edema of the brain, one may 
not have the opportunity of observing changes in the liver or the 
vascular lesions which have been described. Thus, in an interest- 
ing case cited by Kopp and Solomon,® jaundice did not manifest 
itself until the 3rd day following hyperthermia. By the same token 
the pathological changes described in the hitherto reported fatali- 
ties may not necessarily represent a complete picture of the pos- 
sible complications and sequelae of hyperthermia. As the survival 
period is lengthened and as more pathological material is studied, 
other evidences of tissue injury and response may manifest 
themselves. 


CoMMENT 


In attempts to explain the pathogenetic mechanism of the 
changes that have been noted after therapeutic hyperthermia, 
various hypotheses have been suggested. Hartman” maintains 
from his own experimental data and also on theoretical grounds, 
that anoxemia is a paramount factor in the development of cere- 
bral injury after hyperpyrexia treatment. However, it is ques- 
tionable whether it is correct to attribute the cerebral damage 
entirely or even largely to anoxemia, to the exclusion of other, 
probably more weighty factors. Another hypothesis, particularly 
stressed by Kopp and Solomon,” is that of vasomotor shock or 
collapse. Still other observers have pointed out that the patho- 
logical changes bear some similarity to those observed in individ- 
uals who succumb to heat stroke. Dehydration, anhydremia and 
electrolyte depletion are all physiological effects of severe hyper- 
thermia, which may influence and modify the clinical course. The 
use of certain sedative drugs, for example sodium amytal and mor- 
phine, has also been suggested as a possible contributory factor. 
Furthermore, the convulsions that frequently occur in severe 
hyperthermia reactions may be responsible for cerebral hemor- 
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rhages. It may readily be seen therefore that the problem of ex- 
plaining the pathological changes that may follow therapeutic 
hyperthermia induced by physical means is a complex one owing 
to the interplay of many factors whose relative importance is 
difficult to evaluate. 

A note of caution is decidedly in order with regard to the serious 
but not necessarily fatal complications of therapeutic hyper- 
thermia. Physical therapists conducting active fever therapy 
services generally admit * **'* to an appreciable number of pa- 
tients who in the course of treatment go into so-called “shock” or 
“circulatory collapse,” associated usually with uncontrolled hyper- 
pyrexia, but whom they are able to resuscitate by immediate 
cessation of treatment and emergency supportive measures. These 
patients frequently manifest delirium, mania, disorientation, con- 
vulsions, epileptiform seizures or coma. They may even develop 
loss of bladder and rectal sphincter control, transient hemiplegia, 
facial palsy or aphasia. The exponents of fever therapy are 
inclined to minimize the significance of such untoward episodes. 
Even neurologists and psychiatrists ‘® are prone to pass lightly 
over these manifestations of brain injury as transitory neurologi- 
cal changes. The possibility, however, that such individuals may 
actually sustain organic lesions in the brain, and perhaps in other 
viscera, cannot be dismissed. Possibly, therefore, our attitude 
should be a more guarded one for the present, pending follow-up 
observation of such individuals for hyperthermia sequelae. 


SUMMARY 


A description is given of the changes observed at autopsy in a 
case of uncontrollable hyperpyrexia (109° F.) ensuing upon 
hyperthermia treatment for arthritis of the finger joints. The 
hyperpyrexia (which developed in the course of the third of a 
series of treatments) was associated with coma and respiratory 
failure, and the patient died about 35 hours after the fever was 
initiated. In this case the significant pathological changes were 
the following: (1) multiple punctate hemorrhages and necrobiosis 
in the gray matter of the cerebral cortex; (2) hemorrhage in the 
left internal capsule; (3) thrombosis of venules and capillaries in 
the cerebral cortex and internal capsule; (4) cerebral congestion 
and edema; (5) infarction of kidneys and spleen; (6) marked 
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hepatic degeneration and edema; and (7) pulmonary congestion, 
hemorrhage and edema. 

The changes found in this case have been correlated with, and 
discussed in relation to, those in 9 cases previously recorded in 
the literature. Certain of the changes seen in the case reported 
here, notably the vascular lesions, have not hitherto been de- 
scribed in connection with fatalities following fever therapy. 
Specifically there seems to be no previous description of the throm- 
bosis of venules and capillaries in affected portions of the brain, 
and of the infarcts in kidneys and spleen, apparently due to focal 
necroses of small arterial branches of these organs. 

The principal complications and sequelae of hyperthermia — 
and especially its effects upon the brain, blood vessels and liver — 
are indicated. Attention is also drawn to the fact that the reactions 
to therapeutic hyperthermia are sometimes serious even when 
they are not fatal. 
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DESCRIPTION OF PLATES 


PLATE 62 


. 1. Photograph of section through the left cerebral hemisphere showing 
multiple punctate hemorrhages limited to portions of the gray matter of 
the cortex. Note also the hemorrhagic appearance of the leptomeninges. 


. 2. Microphotograph of hemorrhagic area in gray matter of cerebral 
cortex showing numerous small perivascular extravasations and extensive 
cellular degeneration. Toluidine blue stain. x 125. 


. 3. Microphotograph of relatively well preserved area of cortical gray 
matter for contrast with Fig. 2. Note engorgement and vasodilatation of 
meningeal vessels. Toluidine blue stain. 125. 
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PLATE 62 
Changes Following Therapeutic Hyperthermia 
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PLATE 63 


Fic. 4. Microphotograph ot an area of hemorrhage and softening in the left 


internal capsule. Note the perivascular extravasations and the throm- 
ra bosed venule. X 85. 


Fic. 5. Microphotograph of venule in hemorrhagic portion of cortical gray 
matter, showing fibrin thrombus and intramural infiltration with poly- 
morphonuclear leukocytes. X 250. 


Fic. 6. Microphotograph of one of the renal infarcts. Note the necrotic in- 
terlobular artery in inset. X 25. 
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PLATE 64 


Higher magnification of necrotic interlobular artery illustrated in 


Fic. 7. 
Fig. 6. X 100. 
Fic. 8. Microphotograph of liver showing severe degenerative changes of 


liver cells and evidence of hepatic edema. X 600. 
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Changes Following Therapeutic Hyperthermia 


THE LYMPHOID NODULES OF HUMAN BONE MARROW * 


Rosert J. M.D. 
(From the Department of Pathology, Rhode Island Hospital, Providence, R. I.) 


REVIEW OF THE LITERATURE 


A survey of the literature shows that Dominici’ in 1902 ob- 
served focal collections of lymphocytes in the bone marrow. 
Longcope ? described these nodules in the marrow as a character- 
istic occurrence in typhoid fever and also noted small foci in 2 
cases of pneumonia. Hedinger * demonstrated a number of large 
follicles with large germinal centers in the femoral marrow of a 
14 year old idiot with so-called “status lymphaticus.” Dickson * 
stated that nodules of small lymphocytes are scanty in normal 
marrow. Oehme,’ in a series of 23 cases of rickets, and in 2 other 
cases, described, in otherwise normal appearing red marrow, fol- 
licles with germinal centers in 12 cases and others without germinal 
centers in 2 cases. The majority of Oehme’s cases were infectious 
and all were infants or children. He was undecided as to whether 
these follicular structures were normal or not. Such a high inci- 
dence of follicles with germinal centers has not as yet been 
confirmed. 

In 1915 Askanazy,® in a study of the marrow from different 
regions of the femur in a series of 126 unselected cases, most of 
which were adults, described scattered lymphoid nodules in 33 
per cent. These nodules varied in size from 201 to 542 microns 
in diameter. They were composed mostly of small lymphocytes, 
intermingled at times with myeloid cells, and each follicle had 
a reticular framework with a central or eccentric arterial capil- 
lary. Only 1 case presented germinal centers and local lesions 
did not account for the presence of the foci of lymphocytes. These 
foci were more frequent in adult individuals over 40 years of age. 
The author concluded that lymphoid nodules in the bone marrow 
cannot be considered abnormal but that an excessive number and 
many germinal centers may be a pathological phenomenon. 

Von Fischer,’ in a detailed histological study of the marrow of 
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the humerus in a series of 61 unselected cases, and from the 
ribs and vertebra in 11 of the same series of cases, confirmed 
and extended Askanazy’s findings. Her cases were mostly in 
adults. She emphasized the association of these lymphoid nodules 
with active red marrow. It is to be noted that she found lymphoid 
nodules in the vertebral marrow in 9 of the 11 cases in which this 
marrow was studied. Mayer and Furuta * demonstrated lymphoid 
nodules in 15 per cent of 58 essentially morphologically different 
cases and agreed with Askanazy and von Fischer as to their 
significance. It is to be noted that infection and inflammatory 
lesions in the various organs are frequent in such varied material 
as that studied by the latter authors, as will be pointed out later. 

Ziegler,® Karsner *° and others described focal aggregations of 
lymphocytes in the marrow in pernicious anemia. Custer,” 
Darling and co-authors ** and others reported them to be present 
in cases of agranulocytosis. Custer, in commenting on the dense 
focal accumulations of lymphocytes in the marrow in 9g of his 11 
cases of agranulocytosis, on the basis of the presence of consider- 
able numbers of large, pale, delicately staining cells in the central 
portion of the lymphoid masses, wondered whether they were true 
lymph follicles or merely folliculoid accumulations in response to 
focal degeneration. He stated that the nodules are seen infre- 
quently in the marrow in other types of disease. 


MATERIALS AND METHODS 


The material for this study consisted of a series of 265 unse- 
lected cases. All were adult individuals. Those showing primary dis- 
eases of the hemopoietic system were excluded. Marrow from the 
vertebra, sternum, humerus, femur and tibia in the first 122 cases, 
and from the vertebra and upper third of the shaft of the humerus 
in the remaining 143 cases, was studied. In addition, marrow 
from a second series of 23 adults, designated henceforth as the 
control series, was studied. Only cases with no significant inflam- 
matory lesion demonstrable anywhere in the various organs of the 
body were selected for this second series. Marrow from the lumbar 
vertebra and upper third of the shaft of the humerus in all cases 
was studied. In 11 cases marrow from the lower half of the shaft 
of the femur was utilized for study. In a strict sense inflammatory 
lesions could not be considered eliminated from all cases of this 
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series since, for example, the presence or absence of dental or 
accessory nasal sinus infections was not commonly confirmed. 
However, the series as a whole represented one in which the inci- 
dence and extent of inflammatory lesions were reduced to a mini- 
mum. In 1o of these 23 cases, which were traumatic and where 
all the individuals died within 6 hours after injury, only the bone 
marrow was studied histologically. The remaining organs were 
studied only in gross. All other cases in both series were com- 
pletely reviewed, both in gross and histologically. 

The section technic patterned after the recommendation of 
Custer ** was employed. Both hematoxylin-eosin and Maximow’s 
azure II eosin and alum hematoxylin stains were used. In addi- 
tion to these, consecutive sections from the same blocks of tissues 
from selected cases were stained with Foot’s modification of Biels- 
chowsky’s method for reticulum and Mallory’s phosphotungstic 
acid hematoxylin method for fibrin. 


HISTOLOGICAL EXAMINATION 


Since the lymphoid nodules studied in each series were quite 
similar, they may be described together. They were roughly oval 
in shape and at low magnification stood out in sharp contrast with 
the surrounding areas of granulopoiesis and erythropoiesis (Fig. 
1). In addition to the oval shaped nodules, other areas appeared 
in sections as elongated structures with narrow diameters. The 
margins were slightly irregular and extended outward for short 
distances between adjacent fat cells, merging imperceptibly with 
the surrounding myeloid tissue. Fat cells were not noted within 
the nodules. The lymphoid nodules in the first series varied from 
560 by 450 microns to 90 by go microns. Those in the control se- 
ries varied from 525 by 450 microns to 90 by go microns, and there 
were also variations between these figures. From 1 to 3 nodules 
were seen in one low power field, but usually only 1. In a single 
section only 1 to 4 of these nodules were usually present. Ordinarily 
they were isolated and widely scattered. Here and there the struc- 
tures contained capillaries filled with erythrocytes. Many of the 
nodules in the sections contained a centrally or eccentrically placed 
blood vessel with an outside diameter of 14 to 20 microns with the 
thickness of the wall equal to or slightly less than the diameter of 
the lumen. These were apparently precapillary arterioles. 
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The cells of the lymphoid nodules were made up almost ex- 
clusively of small round cells (Fig. 2), evenly and symmetrically 
placed, which were morphologically identical with the small lym- 
phocytes of lymph nodes, as determined with the technic employed. 
A few medium sized to large lymphocytes were usually present. 
Occasional myelocytes, normoblasts, plasma cells and macro- 
phages were seen, usually at the peripheries of the nodules. Rarely 
myelocytes were numerous but the lymphoid nodules retained 
their histological identity. Cells with an oval to fusiform, pale 
vesicular nuclei and ill defined cytoplasm were scattered here and 
there. A supporting structure composed of a network of branch- 
ing argentophil fibrils enclosing groups of cells and occasional 
single isolated cells was seen (Fig. 3). The nodules were vari- 
ously located in relation to other structures of the marrow. Occa- 
sionally they occurred adjacent to a small artery, venous sinusoid, 
trabecula of bone, or in the midst of myeloid tissue. The nodules 
in the material studied were generally located in active marrow, 
although the hemopoietic cellularity of the marrow at times was 
slight. They were not found in otherwise wholly fatty marrow. 
No activity, as judged by mitosis or increasing number of 
medium sized and large lymphocytes with increasing basophilia 
of the cytoplasm, or follicles with germinal centers were seen. 
There was no constant predominance of any particular cell type 
in the region at the periphery of the nodules. Other than hyaline 
and fibrinoid changes within an occasional nodule, there was no 
evidence that the cells composing the nodules were a response to 
focal degeneration. 


INCIDENCE OF LyMPHOID NODULES IN THE MARROW AND THEIR 
RELATION TO INFLAMMATORY LESIONS ELSEWHERE IN THE Bopy 


Table I shows the incidence of inflammatory lesions in the first 


Taste I 
Relation of Lymphoid Nodules in the Marrow to Inflammatory Lesions 


Number of cases 
Material Total number | with inflamma-| Incidence 
tory lesions 


%o 


Marrow with lymphoid nodules 78 15 96 
Marrow without lymphoid nodules 187 169 go 
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series of cases with and without lymphoid nodules in the marrow. 
It is obvious from the data in this table that there is no significant 
difference in the incidence of inflammatory lesions in the cases 
with and without lymphoid nodules in the marrow. This does not 
necessarily rule out association with inflammatory lesions since 
the nodules may be associated with certain lesions and not with 
others. Of the 265 cases in the first series, 78 or 29 per cent 
showed lymphoid nodules in the marrow. 

Table II, which includes a brief diagnosis in each case, shows 
the data on the cases in the control series. Nine, or 39 per cent, 
showed lymphoid nodules in the marrow. Although the series is 
small, it may be stated that the nodules occurred frequently in 
the marrow where the incidence and extent of inflammatory lesions 
were reduced to a minimum. This is strong evidence against any 
association with inflammatory disease. 


RELATION OF LyMPHOID NODULES IN THE BONE Marrow To AGE 


Data was available on the age in 230 cases in the first series of 
cases. Twenty-eight individuals were 40 years of age, or under, 
while 202 were older. Lymphoid nodules were present in the 
marrow in 3, or 10 per cent of the 28 individuals under 40 years 
of age, and in 64, or 32 per cent of the 202 individuals in the older 
group. The series of cases in the lower age group is small but 
when the figures are combined with those of Askanazy ® and von 
Fischer * the results become significant. It is seen from Table III 
that in all series the nodules are more frequently found in indi- 
viduals over 40 years of age than in those younger. 


SUMMARY 


In summary, it may be stated that lymphoid nodules occur fre- 
quently in the bone marrow and that they are definitely associated 
with active red marrow. They occur in a wide variety of diseases, 
are frequently found in cases where no infection or significant 
inflammatory lesion is demonstrable, and are also present fre- 
quently in the marrow in cases of sudden death from traumatic 
injuries. Local lesions in the bone marrrow do not account for 
these foci. The lymphoid nodules are found more frequently in 
the marrow in individuals over 40 years of age than in that of 
adult but younger individuals. 
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Taste III 
Relation of Lymphoid Nodules in the Bone Marrow to Age 


von Fischer’s; Author’s 
series series Total 


Total number of cases ex- 44 22 28 94 
amined under 40 yrs. of 
age 

Number of cases under 40 10 10 cl 23 
yrs. of age with lymphoid 
nodules in marrow 

Incidence of cases under 40 23% 45% 10% 24% 
yrs. of age with lymphoid 
nodules in marrow 


Total number of cases ex- 82 39 202 323 
amined over 40 yrs. of 
age 

Number of cases over 40 33 28 64 125 


yrs. of age with lymphoid 

nodules in the marrow 
Incidence of cases over 40 40% 72% 32% 39% 

yrs. of age with lymphoid 
nodules in marrow 


No pathological significance can be attached to the presence in 
the marrow of lymphoid nodules of the type, size and number 
described in this report. The evidence appears to justify the 
concept that the lymphoid nodules are essentially normal though 
perhaps variable constituents of the active red marrow of adult 
individuals. 
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DESCRIPTION OF PLATE 


PLATE 65 


1. In the left upper quadrant there is seen a lymphoid nodule appearing 
as a unit structure in distinct contrast with the surrounding areas of 
granulopoiesis and erythropoiesis. Hematoxylin-eosin stain. 


2. Lymphoid nodule with a centrally placed hyalinized arteriole show- 
ing the type cell to be the small lymphocyte. Hematoxylin-eosin stain. 


3. In the center of the field is seen a lymphoid nodule with a framework 
of reticular fibers. Foot’s modification of the Bielschowsky stain. 
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STUDIES ON A RAPIDLY DEVELOPING INTESTINAL 
ADENOMA IN A PIG* 


H. E. Brester, M.D., L. H. Scowarte, P#.D., ann D. F. EvELetu, Px.D. 
(From the Veterinary Research Institute, Iowa State College, Ames, Iowa) 


In a previous publication 3 cases of intestinal adenoma in swine 
were described.’ These appeared in herds among which severe 
intestinal disorders were common. The literature was reviewed 
and the various etiological concepts were discussed. Regenerative 
responses of the intestinal epithelium following severe destruction 
of the intestinal mucosa were also described. Unfortunately these 
field cases were not brought to our attention until the health of the 
animals was markedly impaired. 

During the course of a nutrition experiment a ration consisting 
of 50 per cent skim milk powder, 48 per cent yellow corn, and 
2 per cent minerals was fed to 1 of 4 groups of swine placed on 
dry lots. With one exception the pigs fed the above ration grew 
well throughout the experiment. Some of them were continued on 
this ration for 10 months. Pig No. 6117 gained in weight until 
about the 73rd day of the experiment when it reached the peak of 
its growth. At this time the animal was 105 days old (Chart 1). 
When weighed 11 days later it had lost 4 pounds, while its litter 
mate (No. 6118) had gained 20 pounds during the same period. 
When pig No. 6117 was weighed 6 days later it had lost an addi- 
tional 4 pounds. There was a gain of only 2 pounds recorded in 
the next 11 days. One week later it was 8 pounds lighter (Chart 
1). Four additional pigs, which were about 1 week older than 
pigs No. 6117 and No. 6118 when placed on this experiment, were 
included in this lot. The growth curve of these older pigs so closely 
resembled that of pig No. 6118 that they were not included in the 
chart. 

About 2 weeks after pig No. 6117 ceased to gain in weight a mild 
progressive diarrhea was observed. Soon after the onset of the 
diarrhea small particles of yellowish gray croupous membrane 
were noted in the feces. The clinical appearance of the pig and 
the fecal findings were suggestive of a commonly observed form 
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of swine enteritis caused by Salmonella suipestifer as the primary 
factor, followed by the secondary invasion by Actinomyces necro- 
phorus. The affected pig was removed from the experimental lot 
and the remaining animals were observed closely for the appear- 
ance of similar symptoms. The remaining animals of this lot and 


WEIGHT IN POUNDS 


—— No. 6117 
No. 6118 


40 SO 60 70 80 90 100 110 120 
TIME IN DAYS 
CHART I 


of the adjoining lots remained well throughout the duration of the 
experiment. 

Pig No. 6117 became quite weak and on the 108th day of the 
experiment, at which time the animal was 140 days old, it was 
destroyed for autopsy. In addition to the non-specific changes in 
the parenchymatous organs, the mesentery of the small and large 
intestines was greatly swollen and edematous. The terminal por- 
tion of the jejunum and the entire ileum showed numerous eleva- 
tions on the mucosa. Some of the lesions were low, flattened 
convex newgrowths, while others were spherical. The ileocecal 
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valve, cecum and anterior half of the colon were involved in a 
similar manner. Most of the mucosal elevations were covered 
with a yellowish croupous membrane that was easily removed by 
a strong stream of water or by gentle rubbing. When these lesions 
and the intestinal wall were incised it was found that the new- 
growths consisted of a proliferation of the mucosa which did not 
involve the submucosa. Only a few of the neoplastic formations 
showed traces of pedicle formation. 

Histological study revealed an adenomatous proliferation of the 
intestinal epithelium. The cells were chiefly of the undifferentiated 
type, a few goblet cells being found at the outermost edges of the 
newgrowths. No indication of malignancy was found. Lateral 
branchings of the newly formed glands were not so well developed 
as in the previous cases cited.’ In one section of ileum three acinal 
formations were found beneath the muscularis mucosa but the 
basement membrane was intact. The cecal sections of the adeno- 
matous lesions revealed large numbers of Balantidium coli which 
were found in the croupous membrane and in the outermost parts 
of the proliferating epithelial tissue (Fig. 1). The protozoan 
forms did not show marked invasive power. The presence of so 
many Balantidi might raise the question of etiological relationship 
but it should be kept in mind that in swine this protozoan form 
does not show the same severe invasive power as that of the human. 
B. coli are not found in the small intestine of swine. That the same 
type of adenomatous formation in the jejunum and ileum failed 
to reveal B. coli offers additional evidence of a lack of etiological 
relationship of this protozoan form to adenomatosis (Fig. 2). 

The growth curve of pig No. 6117 indicates that 30 days prior 
to the destruction of the pig the adenomatous process had devel- 
oped sufficiently to impair the health of the animal. In all prob- 
ability the process began before the pig was 100 days old. 

The results of some analyses on the blood of pigs No. 6117 and 
No. 6118 are shown in Table I. The hematocrit value for pig 
No. 6118 is well within the normal range, while that of pig No. 
6117 is definitely low. This appears to be the result of poor ab- 
sorption and some loss by exudation, as evidenced by the exten- 
sive croupous membrane formation over the adenomatous tissue. 
In some microscopic fields varying numbers of red cells were 
present. There was no evidence of gross hemorrhage. The plasma 
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calcium was low in both pigs while the plasma magnesium for pig 
No. 6118 was the lowest in the group fed this ration. The high 
magnesium for pig No. 6117 does not appear to be related to the 
adenomatosis but more likely it is the result of some dietary 
factor. The phosphorous partition in the blood of pig No. 6118 
was normal, while that of pig No. 6117 showed a high inorganic 
and a low lipid phosphorus. Pig No. 6117 was undoubtedly 
metabolizing its own body proteins. Normal pigs when fasted do 


Taste I 
Blood Analyses 


Pig No. 6117 Pig No. 6118 

Whole blood Plasma Whole blood Plasma 
Hematocrit value 27 48 

mg./100 Cc. mg./100 cc. mg./100 Cc. mg./100 cc. 
Calcium 10.1 10.1 
Magnesium 4-77 3.64 6.05 2.42 
Chloride 280.0 270.0 
Inorganic phosphorus 19.3 14.9 II.01 8.73 
Acid soluble phosphorus 26.0 15.2 51.0 9.7 
Lipid phosphorus 23 48 
Amino acid nitrogen 9.58 7.36 9.34 72 


not show much change in the phosphorous partition. This is prob- 
ably due to metabolism of fats from fat reserve. In the case of 
pig No. 6117 there was very little tissue fat. No significant impair- 
ment in nitrogen metabolism was indicated by the normal amine 
acid content of the blood of both pigs. 

The relatively rapid and widespread growth of the adenoma at 
this early age and the fact that papillomatous growths of virus 
etiology are sometimes encountered on the tongue and in the oral 
cavity suggested the possible presence of an infectious agent. The 
affected intestinal tissue and tumors of pig No. 6117 were rinsed 
with distilled water and one portion was preserved in 50 per cent 
sterile glycerin overnight, while the remainder was placed in 
saline in a refrigerator. Ten cc. of a Berkefeld N filtrate was in- 
jected intraperitoneally in a 5 months old pig. Material from the 
same filtrate was placed on the tongue by means of a hypodermic 
syringe and needle. At the same time the mucous membrane of 
the tongue was scarified. Additional filtrate was injected into 
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the submucosa of the tongue and into the cutis and subcutis of the 
chest region. About 250 cc. of filtrate was given by stomach tube 
to a 2nd pig. A 3rd pig of the same age was fed on 2 successive 
days finely cut adenomatous tissue that had been stored in 50 per 
cent glycerin overnight. A 4th pig was fed finely cut tissue from 
the adenomatous intestine which had been collected and held in 
saline solution. When the 4 pigs were subsequently destroyed no 
evidence of adenomatous growth could be demonstrated. 

Bacteriological examination of the tissues of pig No. 6117 failed 
to demonstrate the presence of S. suipestifer. The failure of the 
pigs to develop enteritis when fed unfiltered intestinal tissue from 
pig No. 6117 constitutes further evidence of the absence of an 
infectious form of enteritis. 


SUMMARY 


A case of rapidly developing intestinal adenomatosis in the pig 
is described. The process did not appear to be associated with an 
infectious agent. The low grade invasive power of B. coli in the 
pig and its absence in the lesions of the small intestine indicate a 
lack of correlation with the newgrowth. 
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DESCRIPTION OF PLATE 


PLATE 66 


Fic. 1. Section of adenomatous tissue from the cecum with croupous mem- 
brane containing B. coli. 


Fic. 2. Section from the ileum showing the adenomatous growth with croup- 
ous membrane formation. Red blood cells are present in the depths of 
the exudate. No B. coli are present. 
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